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FOREWORD 



rn response to the needs of the laser and' 
^ctro-optics industries, a curriculum has been 
d^ssi^ned and instructional materials have bee^n ' 
deverqped which ar^ being used by two-yea/r post- 
seconda^lsytechnical institutions throughout the 
nation to prepare men and women to w^ork in these 
emerging^echjipjogies . Th^.-.-ifl-S"tFu^ materials 
are also Jij^rng used^Jwr^'Trndus tries , institutions 
and government ageS^ies for retraining existing 
employees wRo are e>i<^rlng this fTeld,. 



The adaptability of thes^e>^materials to a 
wide variety of educational environments (at |^ 
postsecondary institutions as well as employer 
plaft.ts), is due to the curriculum learning object- 
ives' being performance based and* the ios true tional 
materia s being prepared in relatively in4^ependen t , 
modular units. 

This project effortlwas directed at a com- 
pletely new educational field* Prior to the 
initiation of this projiect/ no organized educa- 
tional programs existed for preparing laser/electro- 
bp tical technicians . The program probedur es , the 
modular format and the dissemination activities 
for this highly successful research activity can 
serve, as a model fo^ future curriculuirv development 
programs intende'd to serve a. national need. 



Roy W. Dugger . ' v 
Principal Inves ti gator' 
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L INTRODUCTION 



A very rapid growth of the L^ser /Electro-Optics indus- 
try has been experienced within the past decade. ^ince the 
discovery of the first laser in 1960, teams of scientists and 
engineers throughout the country have emerged to develop new 
and\better llasers and have found useful Applications for lasers 
and electro|-op tical devices.. Today, lasers are used extensively 
in m.edicinel construction, materials processing', testin-g and 
measurements, in military and space systems, and in laboratories 
to aid in sdph i s t ica te d r es ear ch activities such as^inducing 
controlled nuclear fusion. 



Although an abundant supply of scientists and engineers 
^is available to predict^new laser materials, techniques and 
applications, there is a shortage of trained manpower to test 
these ideas. For over a decade, industry has had increasing 
need for laboratory and f ield technicians that can implement 
experimental setups, understand safety precautions as. they^ 
relate to eye and_s_kin hazards, procure and maintain components, 
atid operate and troubleshoot laser and electro-optical systems. 
During this period, industry has had to select electronic en- 
gineers and t^^G^Tnicians and provide "on the job training" to 
deve lop JLa^^ and elec tr'o-op tical technicians. For the most 
part- this approach has met with only limited success these 
"converted techs" usually do not have the fundamentals in 
lasers 'and optics and they require years to become familiar 
with t.he wide variety of materials, components and special 
techniques used in the field.\ This problem is compounded by 
the lack of ins t r uc t iojnal' ma t er ia 1 s in lasers and electro- 
optics that are of a practical nature rather than theoretical 
treatise. . * 

The purpose o'f the- Laser/Electro-Optics Technology 
(LEOT) Project was to establish a pilot educatdda^al program, 
develop a flexible curriculum, ptepare and test instructional 
ma/erials, transport the curriculum 'and instructional materials 
Into other educational institutions by establishing relevant 
/LEOT programs wherever they are 'ne^eded throughout the nation, 
and to assure that faculties in these schools provide students 
with requisite knowledge and skills to prepare technicians for 
useful employment in this f i eld * / Occupat idtnal surveys' ,> task * 
analyses, course outlines, i ns t mic t ional materials, equipment 
lists,^ laboratory de.sig-ns,. and/taculty an-d administrative sup- 
port materials have all been c6mpJ.eted. The curriculum which 
was developed is intended foyuse by two year pbs t " secondary 



technical institutions. The education phiilosophy y-hich was 
adopted focussed upon " Idbora tory learning", i • e< , teaching 
principles by doing things with you/ hands opposed to 

theory lectures ortrainin^ in simple manipjjrla tions or proce- 
dures), . " 



The pilot program ^established at Jexas State Technical 
Institute, (TSTI) ia Waco been in ' opera t ioa over five 

years, with 69 students currently enrolteJ and 44 graduates, 
all employed with staVtini^ annual s a 1 a r i e sTa^a^gj^ g from $6,144 
to $15,999. Laset /Elec-tr;)-Optics educat.ional pro^gt^^Jiis^Jjs^ 
project materials are beir|g conducted at six educational TfrsT±-' 
tutions throughout the country, and seven other institutions 
are planning to initiate programs in the- near future. This 
includes a S pan ish / B i 1 in gua 1 program, at the TSTI campus in 
Harlingen, Texas. In addition, three industries and one pro- 
fessional society are using the instructional materials devel- 
oped on this project for retraining and updating existing 
employees. / 



This report will begin by 
tives and detailing the degree 
objec'tives were accomplished." 
will be described (curriculum, 
port doc/uments, and counseling 
then be/ directed toward the roles of the Advisory Committee, 
the Ev/luation Team and the Institutional -Pilo t Program. 



describing the project objetr 
and manner in which these 
All ervd products of the project 
instructional materials, sup- 
guides)*. The discussion will 



FolloWins this will 
ties and rfesu/lts. 

. The purpose of 



be ^a description of dissemination activi- 



th 



the 



.s report is ta provide an account of 
^ project activities to the grant'ing agency and to^other-^^ 

organiza ti'ons involved in similar t-e-ch-iv±caJL^exLujciar 1 nn -r-eg-eaxch. 
/^^A^more ap/propriate document for the LEOT faculty and adminis- 
.^^^^at ive ^^lanners *^is the LEOT Curriculum Guide which was devel- 
oTre^l^ULl t h i s projec t and is avail able from the Technica,l Educa- 
tion Research Centers. Other program support documents and 
the instructional modules'can also be obtained from TERC» 
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IL PROGRAM OBJECTIVES 



/ 



The spec3)fic program objectives as outlined* in the grant 
proposal and the ojc^gress reports are 1 is cedjbelow : 







/ 



/ 



Perform an Occup^ional ^^nalysis to quantitatively 
determine the raaj or types aqd char.acteristics of 
employers of Electro-Optics Technicians and the 
job types and levels for technicians which are needed, 



Per f o?lT^5:iaTask Analysis , -determining from employers 
the knowle&*§£ ana skill requirements and behavioral 
rh^r.^ir r^jrj^t i>^rpn 11 t r p for the different types or 
lev/els oT'Trars'er/llectro -Optics Technicians. 



Cuf r>5^^Lu4T}H?T^ning Utili2-ing the results of the 
^jG-(5upational. Analysis and the Task Analysis, design 
the structure or outline of a generalizable education- 
al program (probably two year, Associate Degree level)' 
which will^ prepare technicians who will be broadly 
employable within the fields of Laser/Electro-Optics 
Technology, ^ 



Curriculum Development, Pilot Testing and Evaluation 

1. Acquire facilities and equipment for Laser/, 
Electro-Optis Laboratories to be used in the 
Pilot Instructional Program ; provide teacher 

— orreTTtation for the instructional staffs 

2. Develop, test, and evaluate instructional 
materials for a generalizable LEOT program. 
Translate the materials into Spanish for bilin- 
^al instructional programs* 




Establish a pilot instructional program, 
tify, select and test students* 



Iden- 



4. Establish a system' for continuous evaluation, 
throughout the development-program of procedures 
andendproducts, 

5. Prepare' docuraen ts to assist .administrators, 
facility and staff in program planning, curricu- 
lum identification, staff selection, yop I'emen ta;^ 
tion, facilities design and equ ipmen t fselec t ion . 
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Develop <iinified physics ins tructional^ materials 
for use i\n, pre-technology programs'r ^ 




Dissemination!/ of Adapted LEOT 
o^her than thje Pilot Program. 



Programs to Schools 



Develop alijid implement a dissemination plan for 
transporting to other institutions the curricu- 
lum and ii>structional materials in Laser /Elect ro 
Op tics Tecjhnology. 

Produce aJlO-12 minute motion picture film for 
recruiting; high school students into Laser/ 
Electro-Opitics programs which are offered by 
their local institutions. 



Dev-elop, t^st and evaluate five Career Counselinj^ 
Gi^'ides to enhance the effectiveness of communica- 
tiing emploj^ment and tr/aining opportunities in 
new and emerging occupations ^ucb as Laser/ 
Electro-Optics Techno/logy. 
1 

Conduc t trsiining worksh-ops for faculty and 
adminis trat^or s who are interested in implementing 
an instructjional" pr6gram using^^'^ome or all 'of 
the LEOT cujrriculuro and itis t r uc t ional materials* 

Provide instructional materials and consultant 
services in! program planning .and implementation 
for schoolslwho are considerifig programs using 
LEOT materials. 




II. PROGRAM ACCOMPLISHIVteNTS 




'he pr.ogram was origina/Lly conceiv 
T^hnology. In the Occupational Analys/: 
ittempted of over seven hunydred emplojr^rs 
technicians in thirteen major citi^sO^o^de 
categories, application3 / level of. ^mpi^ee 
numbers of job openings oWer a decadt. The 
survey were extremely difficult ta analyze 
because of the low percencage o^/responses 
of jobs. However, based iUpon the expe^-ienc 
activity, several conclusions were* reached ; 



s Electro-Optics 
a survey was 
f electro-optics 
termine the job 
and /{Projected 
reXults of this 
and generalize 
and v/ide diversity 
e gained in this 



1. The emphasis in thfe technology should be in the 
rapidly emerging/area of Lasers; hence the transfor- 
mation to Laser/ Electro-Optics Technology (LEOT) . 

2. The specifics of a Task Analysis leading to the 
evolvement of behavioral learning objectives should 
be obtained from a working Advisory Committee of 
industrial/ ins titutional employers of LEO technicians. 

The membership of the ^national LEOT Industrial Advisory 
Committee (lAC) was carefully selected to be broadly tepre- 
sentat^-ve of the entire field, from component manuf ac tur er s > 
equipment manufacturers, research laboratories, defense and 
space establishments, applications oriented industries, and 
AEC laboratories'. Priorities for selection were based on 
information obtained In^tTie Occupational Analysis. The mem- 
bership of^the lAC and its very s ign if ican t Vo le in the entire 
research activity is described in SjecAion VIII. This committee 
met in working sessions twice a ye^r in 1,971, 72, and 73, and 
was singularly the most important resource on the project; ^ 
The only cost of this committee to the project was the mem- 
be.r's travel expen-ses', and the employers of several members 
voluntarily paid this expense in addition to their regular 
salary -- thus> an example of the, excellent indus\rial 
support for this project. 



The first two meetings of the lAC were primarily concerned 
with the development of a generalize^d task analysis and the tden 
'tification of -the depth to which technical information was 
required' of t echn i c iaiis . The lAC emphatically stated -on many 
occasions that calculus and theoretical' concepts in physics 
were neither requ^lred npr desired. in preparation for technic'ians 
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they hired. Initially, each lAC member provided a listing of 
the "teij most desir^^ble skills of an effective Laser/Electro/ 
Optic Technician". The composite list included the fifteen 
/skills which follow: 

1. Tr oubleshoo ts and repairs, laser systems* 

2. Performs tests and mea3urements using electronic 
devices* 

3. Performs alignment procedures on optical system 
especially those which involve lasers and la§re- 
reiated optics ♦ 

A. /Prepares and reads shop dra^wings and schemc/t/cs 

5./ Maintains a laboratory notebook, pe r f orms/d4 ta re- 
/" duction, and prepares reports* 

/ 6. Operates interferometers, spectrometers/ monochrom- 
ators and spectrophotometers* 

7. Operates laser systems, incUid>ng intya-cavity modu- 
lation and (^-switching dev-irces* 

' <i 

Utilizes basic laser and elec trical safety practices 



in the 



laboratory 



Performs optical inspecjtions and, cleaning of optical 
components* • • 




Operates and calib/Tates pho todef ectors , pb^tomult 
pliers, optical rTower, meters and calorlpi^ters * 

Processes ,phQ/t^graphic filjn and pla«s* 

Produces/and reconstructs holog'fams 

Selects laser and^tSp^t ica 1 c^mp on en t s based on optical, 
electronic, and /nriechanical^proper ties using manufacturers 
catalogues and/other trad'e publications* 



14* Troubleshoots and repai^^-s electro-optic deylcj 

/ ^ ' 

15. Fabricates and assembl/e^s ' compo^nts f op^^^ser/elec^^re- 
optic devices and sys-cems 



iri-2 



The lAC further delineated this list into 156 tasks 
necdss'ary for a techniclain to perform as a, Laser Electro- 
Optics' Technician. These 156 tasks were then rated by- the 
lAC in relation to the' importance of each task. Tasks with • 
aVerage ratings., or higher were utilized in the ^formation of 
ins t,r uc t io nal courses. Because jso many tasks received high ^ 
ratings -from *the' lAC a decision, was made that certain groups 
of i'tems should be taught within the core program. Otherwise, 
the number *of tasks included within the LEOT program would 
have beoome too large. Specifically, the items related to 
shop practice and to electronics and ins trumentation , "were * • " 
incliided in ^the core* 



The remaining tasks with high ratings were separated 
into groups of relat'ed items. These grpups fo.rmed the basis 
for the development of courses in the LEOT Model Curriculum* , 
This struc tur ing^Jj^iL^t^— t-h^e-idetrtif ication of ten courses for , 
the LEOT ^pro^ram When the content of courses had been iden- , " 
-tlfied, the learning objectives for each course were divided 
inta a series o f , ins^t r uc t ional modules. As a check, the 
original list of 1-56 tasks was compared with the behavip,ral 
objectives in the ijis true t ional modules to verify that the 
course content was valid. 

At the onset of curriculum definition and development a 
six member. Evaluation Team was" established to provide continuous 
unbiased evaluation of all aspects of program development* 
In addition to"^ the Team Jlhief the various members had spec:^-\ 
fic responsibilities foy tlve following areas: Lndustrial \ 
Employment, Curriculum yD'evePopment , Technical Instruction, 1 
Tes ts /Mea^4ij;emen t , and/ Counsel ing . The Team, met quarterly ! 
for t>wo^ yyearss. dur ingyjj^ oritti^i^l curriculum development 
period and c o n w:^.^^/e d svi g n i f ^ to the structure and 

account/ability o{ "tiv^ development process and th6. use of 
behavioral learning oVjectVy^s, explicitly sjtated at the 
beginnin^of each ipJaJCruc/t^Lonal module. The rol^ of the 
Evalua tion^^3;Le.aiIU-3r^ciescm in detail in 'Section IX. 

As the definition o f cionci&n t for the « instructional 
modules began to evolve froihs^th^ task analysis, the TERC 
staff designed the module format and wrote several instruc- 
tional units for critique by the lAC, the .Evaluation Team x 
and the faculty in the pilot program at TSTI. Based upon 
the comments from these groups the module format was revised, 
and the content was changed in terms of depth of understanding, 
technical complexity and reading, level* 

Because of the large number- of LEOT module,^ whicj} were 
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'identified ( 9^) and the technical complexity of the material 
w^s 'so specialized., the T^RC Project Manager made a 'decision 
/to i^aintain a minimal writing and editing sta^f and ^o con- 
tracC'the w-riting,. of module drafts to consultants who are 
"experts in the ri^ld*\ Prior to a writing agreement, the 
author was provided 'the,lifet of measurable objectives for the 
m/odule and an* "Aid- to Writers of Instructional Modules**. This 
rifode^of ope.ratipn proved'' to be much'more e f f ic iep^ ' and yielded 
instructional ma ter ials \^which were relevant and extremely 
practical. ^ i * y ' * 

^ . ■ i . . A ; 

A flow chart, of the^-^H^^v-elopment procedure used for LEOT 
instructional modules is shown in Kigurfe ILI-1. This type of 
record with an accompanying schedule was iuaintained on each 
module throughout the development phase. The following edits 
or tests were 'performed on each module. - . ^ ^ 

o ^ TERC Clerical 'Staf f checks for, typographical errors,, 
grammar, ^nd format. ' ' ' 

o — l-7V€^membe.r s edit for jpb relevance and technical 
content . - 



TE?RC sta/X w:orks with Pilot r^r,ogram faculty to verify 
the^^Xper imental procedure -and equipment requ'irement s . 

The Evaluation Team members review'^o determine reading' 
Ifevel, prerequisites and whether behavioral objecr 
tives can be TJiet wi 1 17' in f o rtna t io n in the discussJ.on. 

Tec^^^cal Edi t Team edits for technical accuracy and s 
consistency of symbols and unit's* ' ^ 

Revised ma teriial S'^were Service Tested, with student ^ 
in the Pilot Tro'gram using pre and pO'St tests to r 
determine the effective n^'ss of the materials in 
conveying the learning objectives to the students. ^ 
Thesfe results were reviewed by a member of tbe Eval- 
uation Team. Language changes £6r better Headability s^' 
•r esiTTt^e^^ rom student c r i t ic I'seI", 

Aft-er careful examl^^^'t4^n of tb^, LEOT course content, 
a decision W^s made' to integrate the, content of the physics 
instructional materials (for use in pre technology programs) « 
into the LEOT modules, particularly those dealing with Intro- 
duction to Lasers^ Ge'ome t r ic'a 1 Optics and Wave Optics. A 
copy of the Model Cur riculum and a complete list of th-e Instruc- * 
tional Modules are presented in Sectfions IV and V.' *A11 in-' 
3tructional modules have been compl^ted^ edited, revised and 
"^-e.sted. 
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Figure III-l 
Flow Chart for 



development'procedure of leot modules 



AUTHOR 



IIOOULC 



'^OOUUE TITLE 




MOOULE NO 




AUTWOR 





DATE DUE 




DATE RECEIVED 




lAC EDIT NO 1 




lAC ZOiT NO 2 




PATE COMPLETED 





LCOT co-cRa 
iKOJU 



0- 



UCOT WOOOLC 
COOftOJNATOR 



»*oout.c 

TWO 





ft 

tOfTS 
0) 




AUTMMS 

conr 





TO 














orr uTt 





'ERIC 



III-5 



1? 



^ uoouu 

9 /COC«0«HATO* 
C0IT9 



AUTHOR 

-*£CCIV{SC0ITS 
ft MAJtO 



^CCOftOiHATO* 
R£ VISIONS 





& PCCROTTt 

fp» corr 





riNAL 
oocuw£irr 

StHl TO 



km 



1II-6 



Translation of completed modules into Span ish /B i 1 ingua 1 
versions by specialists at. the TSTI, Harlingen Campus began 
in 1973. The modules are pranSlated as they are needed in 
the TSTI instructional program; to date, all modules in 
Courses //I, and 2,.jand most of the modules in Cours^es ^^3, 6 
and 7, have been translate<^. By the end of 1975, a'l'l modules 
are expected to be translated. 

To assist the adm i n i s t r a't o r s , f?iculty a^nd staff of other 
institutions contemplating the implementation 'of LEOT programs 
Program Planning Guides were prepared. These guides include: 

1 . LEOT Curriculum Guivde 

i 

2 . Career Opportunities in Lasers 

3 . LEOT Educational Equipment and Supplies 

These documents are completed and hav^ been used extensively 

to provide inf orma t i<xo^ in program planning, local employer 

needs survey, curriculum identification, staff selection, 

implementation, facilities design, safety considerations, and, 

equipment selection. A more complete description of the ; 

Prog.ram Support Documents /is provided in Section VI. 

/ 

Five Career Counseling Guides were developed to enhance 
the effectiveness of communicating employment and training 
opportunities in new and emerging occupations s_iLch as- Lasers./., 
Electro-Optics Technology. Two of the guides are intended 
for use by high school counselors, two for students and one , 
for parents of students who plan t-o enter a program — trr jtccir'^ ^^ 
nical education. The titles of the guides are: 

1 • Co,uhseling for Careers 

2. Frepa.ring for a Career 

3. ^ A Parents Guide to Technical Education 

a Student Gui.de to Securing a Job 
■i_5. Carp.er Counseling the Disadvantaged 



All five guides have been written, tested, revised and eval- 
uated.* They are -all extremely well received by high school 
counselors . 

An effort was made to produce a 10-12 minute motion 
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picture film for recruiting high school students into Laser/ 
Kl^c tro-0{)tics programs which are^offered by their local 
institutions. After working on this film for over a year 
the company which was selected to prepare the film declared ' 
bankruptcy and ceased to operate. They returned unedited 
portions of the film to TERC\ but since the contract called 
for payment upon receipt of a satisfactory version, no funds 
were disbursed for their effort. - 

Grant funds t^ coiaplete the LEOT project were severely 
impacted due to inflated costs of materials and services. 
It was unlikely that sufficient funds or time were available 
to initiate another contract for a training film. Further- 
more^ upon being notified of the aforementioned circumstances, 
th Indus t rial Advisory Committee recommended that the recruit- 
ing film be given low priority compared to the instructional 
module development and the dissemination activities. Based 
on these circumstances and discussion^ with the USOE Project 
Officer the task to develop a r^ecruiting film was dropped and 
/funds were diverted to the dissemination activity. 

Extensive dissemination efforts were active during the 
last eighteen raonth-s of the pr'oject. Interest in the program 
by schools was five times greater than *had been anticipated.,' 
and Industry has become involved in using the instructional 
materials for retraining and updating existing employees. 
Details and results of the dissemination activity are included 
in Section XI. 
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IV. CURRICULUM 



, The Laser/Electro-Optics -^chnology (LEOT) in-, 
structional mater ials ^were developed to support an inten- 
sive^two-year , full-time curriculum x>£ post-secondary study. 
The model curriculum and adaptations which use it, are 
designed^ for maximum flexibility and the greatest possible 
use of existing classroom and laboratory-oriented courses %n 
physics (optics) electronics, mechanics, drafting instrumen- 
tation, fabrication^, communications, English, mathematics, 
lasers and safety. 

The curriculum sequence for a quarter system on the 
following page is designed to concentrate on the primary 
skill requirements for la.ser and electro-optical t echnic i,ans . 
It fully satisfies training requirements for the- fifteen LEOT 
duties previously described. ' The cl.ontent of the technical- 
specialty c^ourses is suggested, but should be i^ft flexible 
tyo allow for the course f <^9jLiencing which best fits a specifi 
institution's needs. 

Coursje descriptions have been d^ve loped-^ which match the 
course titles on the model curriculum. Although the topics 
listed' under course title headings are not all-inclusive,' 
their depth of coverage makes th^m suitable for use in school 
-catalogs. LEOT program planning shoul* be based on a study 
^p-f the tot>ics listed in each of th^ supportive*^ ins tructional 
modules, and from other material selected by LEOT planners at 
each g.articuJar insitution. This procedure will yield the 
depth of classroom and laboratory planning and sequencing 
necessary^ to assure the success of the program. 



FIRST QUARTER ^ * ♦ 



Mathematics I 

\) a ^ ' ' ~ " 

Types - of, numbers, basic arithmetic operations, powers 
of 10 and scienti'fic notatiojgi^ basic algebraiq expressions 
and* opera t ions , exponeji^t^T^'power s , roots, basi'c laws of ex- 
ponents, concept of the function, linear algebraic functions/ 
quadratic- algebraic functions, graphicdl representation of 
functions, rectangular coordinate system, equation of a 
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Course 



LASER/ELECTRO-OPTICS TECHNOLOGY 
QUARTER PLAN...J_ 

Hours 
Class Lab 



Pex. Week 

S t udy " " " Total ' 



Firs t Quarte r 
Mathematics I 
DC Circuits 
Physics 

Introduction to Lasers 



Second Quarter 
Mathematics II 
Drafting 
AC Circuits 

Electronic and Mechanical 

Fabrication 
Geometrical Optics 



Third' Quarter 
Wave Optics 

Laser/Electro-Optics Components 
Electronic Instrumentation 



and Calil^rations 
Semiconductor and Vacuum 
Fundament.^ls 



Tube 



Fourth Quarter^ 

Laser Technology 
. Experimental Optical Methods 

Technical Communica t ions 

Industrial Safety 

Solid State Circuit- Analysis 



Fifth Quarter 

Laset/Elec tro-Op tic Devices 
Laser/ Electro-Optic Mea^surement 
Digital Circuits' I 
Machine Tool and Shop Practics' 



Sixth Quarter 

Laser Applications ^ 
Laser Projects 
Digital Circuits II 
Introduction yo Conig^uter 
Hardware 
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6, 

6 
6 



/II 


• 12 


24 


3 


3 


6 


3 


3 


6 : 


3 


0 


6 


2 


0 


4*. ' 


3"^ 


3 


6 


14 


9 


28 'f 


3 


$ 3 .. 
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3' 


' 3 




3 


' 3 




3 


3 
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12 


12 


24 








3 . 


3 


6 


3 . 


3 


6 


3 
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3 


3 


6 


12 


12 


24 



4 


0 


8 . 


12 


3 - 


3 


6 


12 


3 


3 


6 


12 


3 


3 


6 


12 


13 


9 


26 


48 ■ 
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12 
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3 


3 


6 • 


' 12 
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■ 6 


3 


3 
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^•-^12 . 


13 • 


12 


26 . ' 
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12 
12 

12 



48 



12 
12 
12 

12 
48 
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straight line, distance between 2 points, slope of a line, 
intercepts, simultaneous linear equations, 2x2 and 3x3" 
d^e terminants , use of slide rule and electronic calculator for 
multiplication, division, powers, roots. 

DC Circuits 

Simple model of the atom, charge , e lec trie field, 
po tential -difference , current, resistance, Ohm's Law, power 
law ; Kiychhoff^s equations (serie s circuits, parallel cir- 
XTiTi t s , seri^s-para tlej. circuits) , resistor color code, poten- 
tiometers, rheostats aii'd^voltage d iv i d er s , Thev eni n * s and a , 
Norton's equivalent circu^Jt theorems, types and properties 
of batter ies ,/ electrical 'symbols and schematic diagrams, 
measuring direct current ^a^d voltage with a VOM, conversion 
of heat, light and pr.je-^ure into electricity, the ohmmeter^^ 
simple swit(ihes, ,th^vo 1 tme t er , the ammeter, resistive input 
transducers ( tl^fS^mis tor s , platinum resistance thermometer, 
strain gauge), magnetism, magnetic fieldSj^- induction, DC . 
motors. 

Phy s ics 

International System (SI) of units, dlme'hsional analysis, 
conversion from one set of units to another, fundamental and 
derived quan t irt ies , measuring instruments, significant figures 
vectors and scales, static forces, kinematics, simple harmonic 
mot-ion, laws of motion, work, energy, power, mechanics of 
lluids, temperature, thermal ^expansion, gas laws, kinetic 
t^heory of an ideal gas, heat exchangers, specific heat, phases 
of matter ,\l6ngitudinaJL and transverse waves , wave fronts, 
phase, amplitude, wavelength, wave speed*, reflection and 
standing waves, sound waves, interference and beats. 

Introduction to Laser^ ^ 

Elements of a la^-gr, operation of a heliv>m-neon gas 
laser, laser phy s i cs , ^oRti ca 1 cavities', properties of laser 
light, survey of , laser ^'sys tems . * > , ^ 



V SECOND QUARTER 



Mathematics II 



Review of formulas from plane and solid geometry, 
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radian measure, angular motion three-dimensional coordinate 
systems (rectangular, cylindrical, spherical),- trigonometric 
functions and identiti'es, small angle approximations, plane 
polar coordinates, graphs of trig functions, inverse trig /' 
functions, exponential fuiiction&^ Ijafinr lihmrr; — uTe of log 
tables, 'logarithmic functions, semilog and log -lng gr^nh-f-raL 
plots, addition and subtraction of vectors, ve'ctor components^ 
unit vectors, vector and scalor products, use of slide' rule 
and electrpnic calculator for trig functions, logarithms, 
and exponential functions, experimental error and signifi- 
cant figures (absolute and relative error, addition, sub- 
traction, multiplication and division of experimental num- 
bers), probable error, standard deviation. 

, * ft 

Dra f ting 

Basic exercises in lettering, use of drawing instruments, 
fabrication sketches, geometrical construction, pictorials^ 
and dimensioning. 

AC Ci^rcuits 

^ Elec t romagne t i sm , alternating current, a simple a-c 
motor, sine waves and their proper t ies ,* capacitance , die-' 
lectric strength, types of capacitors, RC circuits, capaci- 
tive reactance, impedance, p^jase angles, vector representa- 
tion of instantaneous vol^tages, ^apaci'tors in 'series and .^in 
parallel, time constants, injuc/ance, Lenz's law, Faraday's 
law, RL circuits, inductive xe^ctance, transformers, RLC ' 
series and parallel circuits,, AC generators, 3~phase circuits, 
3-phase induction motors, 3-phase synchronous mpt*ors, capaci- 
tive ^input and inductive input transducers. - ' 

/ 

:tro nic and >fechanical /Fabrication ^ 



' ^e'c I 



Sh6p safety, use of handtools, measuring instruments, / 
b'ench work, use of jigs, assembly of machined parts, use of 
hand drill and drill press and bender, soldering and desold- 
ering t echn i.qu es c ir cui t component layout, circuit board 
fabrication, cabling, color codes and wire sizes. ^' 

Geometrical Optics • . ' ^ \ 

Reflection and refraction of light, graph^caf^ray tracing 
techniques, f-stpps and apertures, imaging with a single lens, 
^types of lenses, primary and secondary focal points, thin 
l^ens equation, imaging with multiple lenses, simple optical 
systems (microscopes^ telescopes, collimators). ^ 

'/^ 
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THIRD QUARTER 




Wave Optics 

Light as an electromagnetic wave^ l^^ght sources, radio- 
metric . uni t s , absorption, scattering, interference, diffra'c- 
tipn, holography and p^olarization.' 

Laser and Electro-Optic Components 

Optical tables and benches, t:ompQnent support, proper- 
*ties and uses of filters, optical windows, beamsplitters, 
etalons, mirrors, lenses, polarizers, gratings, photographic 
supplies and non-linear materials. _ 

Electronic Instrumentation and Calibrations 

Mete.r movements, calibration of ohmmeters, voltmeters, 
ammeters, use of shunts, potentiometer circuits, Wheats^ton 
bridge^ AC bridges (Wien, OwenS, Hay, Capacitance, Inductance) 
use of function gene^rator, VTVM, recording potentiometer 
(strip chart recorder), use of thermocouples, wattmeters, 
emphasis on use of the oscilloscope for voltage, phase and 
frequency measurements and t'r oub leshoo t ing , familiarization 
.with var'iolTs: types of scopes (vectorscopes , dual-trace with 
triggered sweep, sampling scopes). * • ^ 

Semiconductor and Vacu.um fube Fund a me n t a 1 s 

Physical model f pr \ seraiconduc to r s ,• the p-n .j\inc tion and 
diode action, vacuum diodes, rectification, ha/lf-wave and 
full-way-e rectifiers, feridge r e c t i f ie r vo 1 ta ge doubler ^and 
triple'r circuits, filtWing (RC, RC 7r-s.ection"and LC section), 
voltage .regulation and\Zener generator, junK:tion transistor, 
hybrid transistor parame ters , ' load line analysis and -biasing, 
transistor characteristic curves, s ingle-s ta^e transistor 
ampl'ifieirs ^common base, common emitter, and coitimon collector) 
sil icon-cotitro^led rectifie^rs, silicon controlled switches, 
unijunctioii . transistors, field /effect transistors, use of a 
curve tracer, vacuum tube characteristics (-triodes, pentodes, 
beam powec tubes, load lines, ^:ommOn amplifier circuits). 
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FOUlRTH QUARTER 



Laser Technology 



Laser power and energy mea sjki'r ement 6 , characteristic's of 
flashlamps, discharge c ir oui ts ^^and pulse forming, networks \ 
for optically pumped solid lasers, CW arc lamps ari4 power sup- 
plies for CW lasers, cooling systems for CW-pumped solid lasers 
^S;afe operation and measur^ents with argon, , rutiy, Nd:YA|G, 



dye and semiconductor lasers, study of laser Q-switchljig 
a ruby laser. ^ ^ 




with 



Expe rimental Optical Methods 

Types and properties of optical materials, cleaning 
optical components, types of glass an^ glassworkin^g equip- 
ment, glassforming operations, glass seals, vacuum systems, 
thermocouple and ion gaugas and gauge con tro lie rs , ^vacuum 
valVes^ cold traps, mech'anical and oil diffusion pumps,' 
evacuation and charging of vessels, vaj^uum deposition of 
thin f i 1ms . ^ - , , 



1^ 

1 



Technical Communicaj:ions 



' /Techniques of colle'cting d^Va and organizing, writing, 
alhd editing technical reports, use of lab notebooks, pr^e-^^ 
paration of equipment and compon ent speci f ic-al: ions . 



Industrial Safety 



/ 



General laboratory safety practices, chemicalXand elec-, 
trie hazards, and control measures, safe electrical wiring 
pr;actices, toxic fum'es, noise hazards, and per^nnel prot( 
tion. 



i 



/ 



olid State Circuit Analysis 



/ Multi-stage transistor amplifier/circuits, cascade 

amplifie^rs, decoupling, ftequency response, transformer coup- 
ling push-pull amplifiers, complenventary symmetry, DC aitipli- ^ 
fiers, chopper amplifiers, Darlirigton ^: on f igu ra t io n , phase 
inversion, feedback fundamentals (negative feedback, /current 
feedback, voltage feedback), Feedback regulation fgr ppw^r 
supplies, series and shunt rjgg^lator circuits, positive feed- 
back waveform generators, negative resistance wave J^orm^^era- 
tors, tunnel diodes and ci/cuits, UFT relaxation os/rlTllator 
and 3taircase genera tor , Characteristics of ideaL.,?^erat ional 
amplifiers and common configurations, 
real op-amp3, pra'c t ical/circuit^ for 

reference souripe.s usin^ op-am^s waveform gep^rat'ar cl.l^<:::^l i t s 
using op-amps,- intfegr^ed circuit l>Fr=ra 
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FIFTH QUARTER 



Laser/Electro-Optic" Devices 



Photodetectors calorimeter s apd laser power meters, 
holographic equipment and | sup pi i es , techniques and setups 
•for making holograms, phopographi^ instrumentation includ.ing 
oscilloscope, SLR, and streak cameras and special purpose 
imaging ^devices, laser modulation and Q-switching devices 
including electro-optic, Rotating prism, acousto-optic and 
_iijjeac_hable dyV ipe t hod'-S , use of laser collimators and auto- 
collima tor-s ,^ spjatial filt&r^, beam.- expanders and^Faraday 
isolators* I , ' % 



ERIC 



Laser /Elfec tro -Op tic Measu|r em&nts 



^ with divided-circle prism 



Wav^lengtTi/ dispersion and refractive ind-ex measuremeifjis 



/grating, spectrymeter^. use of 



monochrolmai'tor s and spec tropho tome-ters , use of scanning 
Fabry-Perot interf erometaar for observation of longitudinal 
modes iiji a lasier ^output , use of fixed spacing Fabry-Pero-t 
etalon / Mich^lson interferometer, use of Iwyman^Green inter- 
ferom.^ter in" optical- testing, use of c^h-Zehnd e r interf^ero- 
meter'-f or measuring refrajctive index af .^7'gas , .spa t ial resolu- 
tion con'cep t of the modulation transfer function (KTF) , use 
of USAF 1951 resolution tjarget-to measure MTF of a lens 

Digital Circuits I 

.Introduction , to ^digital measurements, .biasing co.ndi tionsi^ 
of npn aTnd pnp transistor switches, relays.^ as switching ele- 
ments, gating circuits, <^iode gate and coincidence circuits, 
AND gate, an t ic o in c idenc ^ circuits using diodes, OR gate, 
ttansistor driven gate, ^AND g^ite, classification of gates, 

res istorjT-tJ^ansis tor logic, diode- 
coTT^Ted'transistor logic, transistor- 
couple'd logic, flip-flops, bistable 
lAultivibra tor circuit, gkte's, JK Elipnflops, mas/er~slave . ^ 
JKFF, mbno'stable multivibrator, Schmj[/tt trigger circuits and 
their appl'i cations.. 

Machine "tS^ols and Shop Practice 



digital IC's ciiode logic 
transistor logic, direc 
transistor Ipgic, emitte): 



Operation of engine 



grinder, sheet metal cut^ter and 



saw. Preparation of sho|p 
ances, familiarization 
mechanical and chemical 



'lathe. 



milling machi 
bender, hole 



drawings , 
f different 
finishes . 
f 



use of 
f abr ic 



\ 
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Lasers Appl ica t itms . > ^ 

\ 

gutting, drillin'g welding wi th/ a^^^as er , air pollu- 

tion monitoring with leasers, data pto^essing and data display, 
aptical memories, holographic non-d^^tructive testing, Aedical 
aj^pllcationp of lasers, ranging an^ angle tracking, optical 
(fommunica tions systems. 

Laser Projects „ 

Construction and teS/tTing of a laser, optical or electro- 
optic device such a^ a helium-neon laser., CW-pumped Nd:YAG 
laser, CO2 laser, optical power meter, a u t o co 1 l^ma t o r , LED 
communications link or pho t omul t ip lie r power supply. Main- 
taining a laboratory notebook. 

♦Digital Circuits 11 ^ . / 

Numbering systems, binary , /conversion -codes including 
bifeary-coded decimal (BCD) sys^tem^^ oetal, digital logic, ' 
Boolean algebra-symbols and properties, NOR g-ate and NAND ^ 
gate, half-adder and" full-add^r circuit con^^d^ura tions , digital 
^symbols , ^counters 'and regi/ters, m^o,dulo N counters, analog* 
to d'igital (A/D) and digital^ to analog (D/A) conversions, 
binary ladder res-istor networks, multiplexing integra-tlng 
op-^p as a D/A converter, digital readout devices, digital 
instruments including digital voltmeter (DVM) , frequency syn- 
thesizer, phase frequency detector. 

Injiroddf" t ion to Computer Hardware ' , 

Sti/dy and use of input/output (I/O) devices used with 
digital computers; intier facing and* tr oub 1 eshoo t ing t^chaiques, 
data acquisition and. computer graphics. 



CURRICULUM OPTIONS 



It should be emphasized that a full LEOT- program is not^ 
necessary to dev«|^lop graduates trained with skill's to enable^ 
them to be useful in the world of work. The- Industrial 
Advisory Committee has verified that the five courses listed 
on the next pa^ge, when included as an .LEO option to a com- ' 
patit)le electronics p;f"ogram produce .technicians whq "are highly 



useful to industry; particularly In those companies or insti- 
tutions where the laser or electro-optical device is incor- 
porated as a component to a larger instrument or system (i.e.^ 
a radar s]^s*tem) . . . * 

, <• Course 1. Introduction to Lasers - ' . " 
(11 modules) ■ , ' 



Course 2/ Geometrical Optics 
(11 modules) 



Course 5 



Wave Optics 
(9 modules) 



> 



" ^ ^Coijrse 6. Laser , Electro-Op tics. ^.Components . 
4 , (11 modules) 



Course 9. La'ser'Projects 

(7 modules - student-selects only oae,) ^ 



These courses have been integrated into 
qua^rter programs in technological fields all 
technology. An ejcantple Model Curriculum for 
Electronics Program with a Laser/ Electro- Op t 
shown on the next page. ° 



Qxis tiyig six- 
ied^to laser 

a two year 
ics 0{>'tion is 



A second suggested option v/c^uld involve 
of several LEOT courses into ^n existing pro 
5^al Physics or Electro-Mechanical Technology 
'g^raduate from one of these programs with a s 
Laser/Electro-Optics would most easily find 
applied research activities such' as exist at 
•^ment and non-profit research institutions/* 
ti*onal modules which would integrate into 
ea^^sil'y would be found in coiirses^l, 2, 4, 
Seption V.)' 



5 



the inclusion 
gram in _ Techni- 

(mi:) /a ^ ■ 

peeialty in 
employment in 

several govern- t 
The I/EOT instrifc- 
ese programs 
and 10 (see listing. 



\ 



Oth^'r programs and courses to which the 
instructional modules apply^are known to inc 



supportive 
lude 



Chemistry 
Civil Techno fo^,y • 
Construction Techno logy^ 
Industrial Techno logy 
Optical Techno lag y 
wVacuum Techno logy 
Glassworking Techndlogy 



In' addition, LEOT modules are being integrated into 
existing 4-year bachelor ! s degree programs in laset tschno- 
logy> electrical engineering a^nd^ appilied • physics ♦ 



J- 



MODEL CURRICtlLUM FOR AN ELECTRONIC TECHNOLOGY PROGRAM 

» 

WITH ^ 

LASER /ELECTRO-OPTICS TECHNOLOGY OPTION 



QUARTER PLAN 



Course 



First Quarter 
Mathematics I 
DC Circuits 

Electronic ar^^ Mechanic^al 

Fabr ica t ioiVv 
Physics ^ 
Drafting 



Second Quarter 
Mathematics II 
AC Circuits 

Electro-Mechanical Controls 
Industrial Safety ' . - 
Introduction to Lasers 



Third Quarter . 

Electronic Instrumentation & 

Calibrations 
Semiconductor' & Vacuum ^ube 

Fondamen'tals 
Machine Tools &.Shop Practices 
Geometrical Optics 





Hours 


r e r w ee K 


J- 




Class 


Lab 


Study 


Total 




4 


0 


o 

8 








J 


0 


1 2 




1 


3 


2 


6 




o 
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6 


1 2 




2 ' • 
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13 


12 


26 


51 
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12 
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12 
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4 
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1 2 
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12 
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3 
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12 
12 
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12 


12 


24 


48 





Fourth Quarter 

Solid Stax^ Circuit Analysis 
Microwaves 

Conversational Computer Languages 

Laser/Electro-Optic Components 3_ 

' 12 



Fifth Quarter * ^ 
Digital Circuits I 
Communications I 
Wave Optics 

Technical Comm^nica t ions 



Sixth Quarter 

. Digital Circuits II • 
^om'mun ica t ions Xl'^ 
Laser Projects 

Intro.duct ion to Computer Hardware 
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V. INSTRUCTIONAL MATERIALS 



A'series of laboratory oriented Laser/Electro-Optics 
instructional Modules have been developed, each module 
representing approximately one independent learning experience. 
The major divisions of these La se r /£le c t r o-Op t ics Instructional 
MpT^ules are as follows: ^ 

I n t r.Q.d u c t i o n , which identifies the topic and often 
includes a rationale for doing exercises. 

Objectives , which are stated in terms of act i oft -oriented 
behaviors and which include such action words a^s 
operates, measures, calculates, identifies, and de- 
fines, instead of words with many interpretations 
such as knQw, understand, learn and appreciate. 

Discussion , which presents tfie background ' theory and 
tech^iques' supportive to ^tjtie objectives of the ' 

^ lesson This material must^'bevell organized and 

free of extraneous and irrelevant material. Sen- 
tences are wr i t t en- c 1 ea r ly and concisely. Diagrams' 
and illustrations are us-ed to assist in supporting 
ideas and' concepts. 

• ' — * 

Materials , which identifies th^ equipment required to 
complete the exercise. 

Procedures , which is the experiment section -or "hands- 
on" portion of the module. It includes step-by- 
step instructions. The experiments are designed 
t-o reinforce student learning, and data sheets for 
each experiment are provided in each module 

Problems , which are inducted for the purpose of revieving 
and . reinforcing che points covered in the exercise. 

Reference Materials , which are included as supplementary 
reading/ viewing for ' the student. 

The modular materials are adaptable to school semester 
and quarter systems and are arranged for easy adaptation to 
local, restate and regional accreTclitat ion requirements. Some 
educational institutions have impJLemented the full program 
and others have integrated" select groups of modules into 
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existing electronics and vacui^-ia programs. Also, a number of 
the 9,9 supportive in s t r lic t io n^a 1 modules are being used to 
enrich existing courses in physics (optics). 

The' average length of a module is a pprox^ima t e ly forty 
pages. A list o,| titles of instructional modules follows, 
grouped by courses within the LEOT Model Curriculum. Two ^ 
modules are not included in the laser courses but the subjects 
were- identified by-, the lAC as being extremely valuable to 
the LEO technician. These Modules are: 

a. Module A-1. Measurement and Errors 

b. Module ^-2. Maintenance of a Laboratory Notebook 
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VI. PROGRAM SUPPORT DOCUMENTS 



The. follov^ng program support documents have been pre- 
pared and are being used by institutional administrators, 
faculty and staff for determining the feasibility of imple- 
menting an .LEOT program, program planji-thg, loqal eimpLoyer 
needs, curriculum identification, s^aff selection and^F^ram 
evaluation. ^^^^ 

j^l*. LEOT Curriclum guide - A comprehensive description 

of the /'or igins , campos i t ion ,. planni'ng, implementation, 
and administration of the LEOT curricu^lum. Includes 
a detailed list of cap i/a 1 equipment" needed, with 

^ cost Information and planning guides, 'and a detailed 
bibliography of books ^nd materials on laser te^fnio- 
logy and related fields. (90 pages). 

2. Career Opportunities for LEOT TectiJHb^i ans - Lists 
potential employers of LEOT t^^chli icians ^ divided 
into six-^geographical regions of the United States, 
^,nd describes vari'pus kinds of career opportunities. 
(52 pages) 

3. LEOT E^ducational Equipment and Supplies - Describes 
specifications and estimated costs for all -capital 

' and expendable^ eq'uipmen t and materials ne.eded to 
implement a full LEt)T • p rogram. (Al- pages) 

4. LEOT Evaluatiori Manual- -^=^^es cribe s and evaluates 
^ the~-TE^RG/L^'GT " pYb'gram d ev^ioTymen t ; presents vali 

and effective p r o c e dit-p^-s f o r use by curriculum and 
program ma nagers..-±1i evaluating nj^w or modified, .pro-? 
grams. X150 narges) 




VII. CAREER COUNSELING GUIDES ' 



In an effort to enhance the effectiveness of commxini- 
cating to prospective students the formal pteparation an^' . 
p.mp!loymen t opp^tunities^ in new and emerging occupations,, 
,f'ive^ Caree]: Counseling Guides ^wer^' de^^^eloped, tested and 
evaluated., The^ author of these guides is the head of coun- > 
seling activities .for- the S;^n Antonio, Texas, Independent 
School District. ^ ^ " . ' / 

The important emphasis in these materials is on encour- 
aging . s tuden t s to train for technical careers. Figures ^re 
presented to show the earning power of/ trained technicians, 
aadL sugges t iorts are wade for career pdths using technical 
training rather thanj^ or in addition Co, traditional college 
^d^ucat'ion> . ; • „ 

The Careeir Counseling Series contains five volumes.: 

VOLUME 1: / Counseling for Careers (44 pages) 

- * ■* 

.The first career couns'eling guide i^, djLrected' to high 
school "counselors who wish to expand their career counseling 
efforts in addition to maintaining the traditional academic 
or 'in'd ivi'du^l 'counseling . ' P'&c-en t „s_t a tris tic s and case studies 
are presented to show the vk^lue of- learning a ^alabl^ skill 
as a direct entry into the'world* of work or as a means to 
continued higher education. Employment opportunities are 
grouped int(^ career clusters, following" the classifications 
developed by the U.S. Office of Education, to show counselors 
arid^ schoof ad^minis trators how they can starf'a reali'stic 
career awareness program even at the ,elementary level. k 
broad ap^ptoach to .career counseling ds outlined, with emphasis 
on making counseling more relevant to the 75,% of the students 
who y{xM not obtain a college, ciegree. ^ 

Xhe volume includes suggestions on material^'''*that schools 
or cbunselors can obtajTn for students", as well as. addresses 
where> such materials can be obtained. A. method offsetting 
up a Care6r*Co rner in the ^-jcounsel ing office Or. in the library 
is Outlined^ Other recommendations for group counseling, 
career night programs , .^and individual s tu de^n t , couns e 1 ing 
♦programs are incli/ded ^'^^ 



VOLUME 2 





pages) 



A second c.a^feer counseling guide 
Afte'r defining some copinjimi .f^rms used 
(e.g., blue collar, journeymdn, etc.) 



is 
in 
it 



directed ^to students, 
var i ous kinds of work 
describes the II. S* ' 



Office of Education career clusters and sugges ts^ methods of 
collecting information about careersr Samples '6f Career 
Informa-tion 3heets are presented and explained: these are ' 
forms on which specific information about various ca.reers^ ca, 
" be collected and compare^d. 

The guide discysses different levels of emplpymfiTnt with,in 
different job categories, describes entry lev e>- 's kil Is, and 
presents a compar is'^on between starting work yerar Ij ( immed.ia tely 
after high school graduation) and delaying/employment until" 
- additional tr'aining cafl be obtained. Al t^rn^^^o^ve -car eer 
training pat:hs are described, with compapar^^e cost figures. 
Attention is given to projecting employmep^ trends in the 
future. ' ^ 



GLUME 3. A Parent's Guide .to Technical -Education (6'4 pages) 

In Voliime 3, options and alternatives in education and 
career' choices are' described , to allow parents to help their 
te^n--age children make intelligent decisions about the future. 

A comparison is made between empl^ymen^t^ immediat;ely^_a^jt^er 

high sdhooj. gr^duiition, pos t-sec>iw}ary two-year training 
programs; an;i^degree education for pt>of essional careers'. Tech-- 
nical careers are described, and probable trends .in education 
are discussed. An informal version of the Career Information 
Sheet described above is^ also included here, as well a^ a 
Valiies Inventory po help students and parents ev-aluate the 
.var^Jous alternatives., 

VOLiSME 4. A Student Guide for Se'^curing a .Job (79 pages) 

'this guide is designed as a' do-it-yourself employme^nt ^ 
^service. It attempts to reduce the anxiety ' of 4:he job-seeker 
by describing what may happen, how to prepare for it, and ' " 
liow to evaluate pjjssible employment, alternatives . The guide 
includes f ir^equent ly-encoun t er ed' forms, as well as suggestions 
tfor "developing letters Vf application, resumes, ajid other 
documents that n>ay bfe needed./ Xhj^ forms reproduced in the 
guide are rbmposltesr of tm.any forms]^ collected from business 
and industry ; they have undergone trial and revision in^ high 
school business and technical pxograms and are fel't t5 be ^ 
current and representative of what may be encountered by * ^ > 
students In* tiie job market* • 

« . T *" ^ 
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5. Career Counseling the Disadvantaged (64\ pages) 



VOLUME 

Directed to^ counselor's , counselor trainees, employment 
/consultants, school administrators, and planners of programs 
for rbe disadvantaged, this last career cx^unseling guide' 
emphas^izes the problems of tl;i'e disadvantaged in our society. 
A person may be socially, physically, culturally, ot^ economi- 
cally disadvantaged and may feel certa^in that. 'there is no way 
to-^ improve his life. It is the counselor's job to under- . 
stand/ the factors con t r ibu t ing "to thes.e feelings and to pl^in 
wa^^ of bringing about change. Usirrg. case studies, the 
aiythot:' i/llustrates the cyclical effect of poverty and the 

:hievement inertia that develops when f ai lu-i;:;.!' bee omes 
lit. Suggestions are given for utlizing existing com- 
facilities to break this 
concept is presented 

<i! career 




nii>'i ty 
attainment 



cycle. A progressive goal 
to assist in planning for 




VII-3 



Vin. ROLE OF INDUsSTRIAb. 
ADVISORY COMMITTEE 



It is the consensus 'of the Project Managers, the TERC 
staff, the faculty at TSTI, and the Evaluation Team that the 
key element of success in this project was an enthusiastic, 
involved IndiS^trial Advisory Commitf^e* The following indi- 
viduals serVced on the LEOT Industrial Advisory Committee;" 
If.* 

Dr. Jay Chivian - Advanced Techno 1 ogy.' Cen t er , Dallas, Texas 
Dr. Alex Glass - Lawrence Livermore Laboratories -* 

Liverm ore, California 
Dr. Art^hur* Guenther - Air Force 'Weapons Laboratory - 

Kirtland, AFB , New Mexico , . 

Dr. Dave Hardwick - Tropel - Fairporf, New York 
Mr. Dan M. lUrll - Lockheed Electronics Aerosp^c^ Systems - 

Houston', Texas 
Mr. Frank Kassler - Texas Instruments, Inc.,' Electro- 
Optics ^Division - Dallas', Texas 
Mr. Rofcert G. Kllmasewski - Burleigh Instruments, Inc. - 

. Rochester, New*York x 
Mr. Doug Lilly - NASA Manned Spacecraf t. /(Center - Houston, 
y"' . Texas - / 

Mr. Raymond Marlow - Nuclear Systems/^Inc. - Garland, 

Texas / 
Dr. Leno Pedrotti - AF Insti^^ute, of Tecirfiology, Physics 

Dept. - Wright Paterson AFB," Ohio- 
Dr. Dougla's A. Pinnow. - Hell Telephone Laboratories - 
^ Murray Hill, New Jerse-^ ^^^"^^ 
Mr. R. James Rockwell, Jr. - The Children's Hospital 

Research Foundation C li?c inna 1 1 i , Ohio - ^ 

Mr. Earl J. Scrib^ner - Stanford Research InstxtAite - 

MenloPark, California 

\ ^ 
Dr. Jacab Silverman - North American Rockwell Corporation 

Canoga Park, CalifoAnia 

Dr* Donald Sims - KORAD/HADRON - Santa .Monica., Califor.riia , 

Dr.. Jon E. Sollid - Los Alamos Scientific Laboratory - 

Los Alamos, New Mex|,cio. • . 

'Mr. Robert E. Steinman - Caertner Scientific Corporation - 

Chicago, Illinois 

Dr. Forrest C. Strome - EAstman Kodak Company Research 

Laboratories - l^ochester. New Ydrk 

Mr. Robert A. Wallace American Optical\ Corporation - 

Fr airfl'ifgham , Massachusetts 

Mr. EricJ^j,. Woodbury - Hughes Aircraft Company - Culver City 



Calif or^'ia 
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The Industrial Advisory Committee was organized aq,d 
as.semble-U by the Pro j ec t ' Manager for the purpose of providing 
Task Analysis data and reviewing instructional mater^4.als in 
term.^ of relevant content and technical accuracy. The Indus- 
trial A'dvisory Committee responded in this . capacity and 
formed much more. . 



per.- 



The individual members wrote f ou r ^a r t ic 1 es in , prof e^ss ional 
journals and newsletters, introducing the program to their 
colleagues. Evidence is available to show that'this publicity 
resulted in job opportunities for gradu'ates of the Pilot Edu- 
cational Program. i ^ « ' 

At all Industrial Advisory Committee meetings (which 
were held in Waco, Texas) 'at least two members of the Commit- 
tee took time 'Out to present talks on laser activities at 
their company to the ^^s tudent s of the Pilot Program. This ' 
generated an enthusiasm in the students an^d provided them an 
in.^ight on typical job functions ojB LEOT_j:echnicians . S^udent 
field trips were made to thr e e i n d u s*Y FX al sites of committee 
mem.bers. Over twenty graduates of the Pilot Program have 
been hired by organizat ions^'Tepresented by Industrial Advisory 
Committee members. ' . ; 

Organizations represented by the Industrial Advisory 
Comm^ittee membership have donated equipment valued at over 
$200,000 to the LEOT Department at TSTI. ^ This amount should 
be considered as part of frhe tn^.t.ching funds for tihe Project/ 
In addition, several stn^c^nt sc6x) larships and co-op arrange- * 
ments have bpen arrangea:'' thi:^ugl? these organizations. 



An indirect, but very signlf^Jl&nt , contribution made by 
the Industrial Advisory Comm it fci^e'^ and the Evaluation Team was 
the publicity in the news media that TSJI i^jsceiva^ each time 
the groups met in Waco. These type's of riews re leases' cons is- 
tently resulted in several prospective students inquiring 
about the LEOT program ^t TSTI. 



In summary, the members of the Industrial Advisory 
Committee felt very strongly that this was their program. 
They had a great deal to say Jt/hen^ they met *(and in co^rres- 
p'ondeiice afterwards) and the TERC staff made every effort ^, 
to listen to' them and ^respond* accordingly . The Industrial 
Advisory Committee did not design the curriculum nor did they 
design th^ format of tjie instructional materials; but they 
were the resou^rce upon^which t\^e curriculum and materials 
were based . ^ ' . % 



\ 



As addi tion^l -evidence of the Industrial Advisory Com- 
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mittee's enthusiasm for fehts project, it is i/orthwhile to* 
note: . , 

. o Five members authored instructional modules.. 

o All members edited modules; two members were sQlicited 
' toedittheentire 99modules,^ 

o One m.ember left, his position of employment to become 
. the Project Manager, 

O 

o One member is working with TERC to establish short 
courses using the instructional materials^ 

o One member is teaching courses at his organization 

using the instructional materials. , " mt ^ 

m 

o Three members have taken t he , ini t :j^a t ive' to 'have LEOT 
programs i^tablished at institutions in their 
localitie sVv ^ 




IX. REPORT OFTME 
EVALUATION TEAjM. 



V 



<The following report \i)as received from 'the Chief 
of the LEOT 'Evaluation Team after the conclusion of 
the final meeting in December 19-74, The report has not 
been edited or changed by the TERC, Project Manager), 

"The basic function of evaluation in occupational 
ediJcaticOi is to provide information concerning the speci- 
fically and effectiveness of the curriculum and instructional 
activity. Such feedback is needed to insure instructional 
specification and effectiveness, student development, quality 
, control, and a bas,is for change and improvement. At least 

f our groups require this information: students, instructional 
staff, ^ employers of graduates and educational administrators. 
Unless instructional activities are successful in preparing 
individuals for th^^ future, they have no^ rationale for exis- 
tence. This focus allows for a definition of the product 
in terms of skills, knowledges and abilities of the graduate. 
Educational evaluation, therefore has a responsibility for 
determining the extent that the graduate is trained for that 
goal. 

"Training involves quality control procedures as an inte- 
gral function of training development, modification, revision, 
and impr^ovBmen t * Training evaluation includes a systematic 
collection, analysis and interpretation of feedback information. 

"Procedures for quality control or training evaluation 
'^should b^ based on an instructional technology and begun 
with the development of a course and should involve everyon^. 
There should be a systematic process of evaluation^ fchat is 
continuous. Evaluations are made at any point pri<!rr to the 
development of a course, during a course, at the end of a 
course and on the job. The student, instructor, supervi^sor 
and the administrator should all be involved in training eval- 
uation. , 

"Instructional technology^, as conceived in this project, 
involved at least five m^jor aspects: 

' " . 1 . The determination of training requirements for the • 
first essen'tial asp^ect of a training technology. 
A task analysis must be conducted t*o insure that 
an indivudual is trained foY the relevant tasks that 
he will have to perform on the job. 
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2. The construction of measureable objectives must be 
specified before the development of a training 
course* These should be done in such a way that 
the student knows precis-ely what is to' be achieved 
in t|?e course and that the student, the instructor, 
and the after training supervisor have a clear idea 
of the achievement specifications* 

3. Evaluation of prior knowledge and proficiencies is 
the third sequence. By knowing what the studen'ts' 
knowledge and proficiencies are, course content can 

. better be determined including the level at which 
the course should start* 

4. Designing a relevant program is the fourth sequence* 
This should be based on a review of the relevant 
research, content, and instructional methodology, 

5. The last step makes use o f {q^a 1 i t y c on t r o 1 princi- 
ples* This step involves a rigorous quality con- 
strolled program that operates continuously* It 

insures that the tasks for which the course trains 
are appropriate, relevant, and are achieved in a 
efficient and e-f fee t ive- manner . This mandates the 
use of a criterion-referenced measurement system* 

V "The TERC/LEOT program made considerable use of the 
systems' approach to training and evaluation. A TERC survey 
indicated the need for elec t r o -op t i c technician would appre- 
ciably be increased by 1975. This survey further amplified 
the need to include lasers because 43% of electro-optic tech- 
nicians^ reported using laser-s in their work* Following this 
lead, Texas State Technical Institute made a survey focusing 
an Lasei" Elec tr o-X)pt ic Technology which established the need 
for a LEOT Training program* In addition, the LEOT Industrial 
Advisory Committee was established to provide technical assis- 
tance ^and advi^ue-vin the development of the LEOT program* 
Survey's were also conducted^in tei^ms of requisite tasks and 
tools of^LEOT's work in laser related industries* The results 
of these surveys were used by the TERC/LEOT staff to plan 
and develop courses for the LEOT program* In addition, .the 
LEOT Industrial Advisory Committee rated 156 tairks*- Because 
many of the tasks received high ratings from the Advisory 
Te^m, the Evaluation- Team suggested that cert^n grou*pings be^ 
taijght within the core program* y 
I - ^ 

"The Test and Measurement expert of the Evaluation team 
initially wa^'^not satisfied with the original module objec- 
tives^ nor the measurements * He worked with modular writing 
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Staffs aftd other experts to show the characteristics that 
measureable objectives must have and how they can be measured. 
A significant number of modules w.ere re-developed" to meet 
his specifications. Further checks by him revealed that he' 
was successful in his instruction. 

"The Counseling member of the team made an analysis of 
entering student profiles. He also reviewed modules and 
made analysis of tlfeir reading complexi ty He found that 
the initial writing of modules was at too high a level for a 
number, o f . modules . Feedback was given to module writers and 
revisions were made at the appropriate level. 

"The Curriculum Development expert on the team was con- 
cerned that performance type skills v;ere taught through demon- 
stration and student performance of those skills. He wished 
to insure that module content was necessary and sufficient to 
the modules objectives. 

"The„ JLjidus trial Employment Specialist was concerned 
that performance and knowledge levels were compatible with 
joTT requirements and that training aids and equipment were 
supportive to the module. He was also concerned with each 
objective contributing to the program goal. 

''The Technical ^Instruction expert started off reviev/ing 
every module to* insure that' it was technically accurate, 
current, met the needs of the laser industry and that the 
material within each module was -cohes-ive and concise. He 
soon learned that he needed some assistance; thus, another 
expert and he were responsible for reviewing each module that 
was developed. Where modules did not meet the reqiiir^mdnts 
of these two experts, they were changed by the experts or 
they insisted that the original authors rewrite these^ and 
return them for further review. - 
- f 

'^N'umerous service tests were made to try out modules. 
Where revisons were indicated they v/ei^e accomplished. 

more formal service test was made on eight modules 
covering the Nature pf L.ight (which have since been integrate'd 
into the Wave Optics Course). For the purpose of this sttrdy, 
Sll eight end-of-course tests were administered to the students, 
prior to their taking this unit of instruction. The same 
module post tests were administered upon completion of each ' 
module and again a few weeks after completion of the unit of*^ 
ins trtic t ion . In add'iHon, the instructor made notes of dif- ^ 
fi.culties encountered in the instruction of the class and ^ / V 
student reactions to each module. All of these data were used. 
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by tlie Evaluation Team to determine the over-all effectiveness 
of this unit and the modifications that should be made. In 
addition to the modifications they required, the team concluded^ 
that students had little knowledge and skills of content of 
these modules, and that they achieved considerable^^ a result 
of instruction, both in terms of over-all ach ievement\and 
student gains. Student reactions were found to be favorable 
to the modular format. 

"In summary the team members expressed pride in having 
been part of the TERC/LEOT project. They felt that the mater- 
ials for the program, in general, are outstanding and that 
the program laeets the requisite^ characteristics that the 
team specified earlier. TERC personnel have also been success- 
ful in making a good beginning on the dissemination of " 
LEOT materials. However, the team felt that more effort is 
required and wo r thwh i le n the dissemination of the LEOT 
program . " 

'.^ ' 

TERC/LEOT EVALUATION TEAM MEMBERS 

^ Technical Instruction - Dr. Arthur Guenther, Air Force Weapons 
Laboratory, Kirtland AFB , New Mexico. 

Test and Measurement - Dr. John Hampton, Oklahoma State 

University, Stillwater, Oklahoma - — 

Curriculum Development - Mr. Arnold H. P o 1 1 ha s t , '*W*is c ons in 
3oard of Education-, Madison, V/isconsin 

Industrial Employmen t - Mr. John Ready, Honeywell, Inc., 
Hopkins, Minnesota 

Counseling - Mr. Henry C. Ryniker, Independenjt: School District, 
San Antonio, Texas 

Team Chief - Dr , Michael A, Zaccaria, Educational Consultant, 
San Antonio, Texas 
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X>ROLE OF INSTITUTIONAL 
PILOT PROGRAM 

The pilot instructional Program for the Laser /Elec tro 
Optics Technology Project was established in September 
197 0, at Texas State Technical Institute in Waco, Texas^. In 
that period the' department chairman. Dr. John D. Pierson, 
was hired, and four" second year electronics students trans- 
ferred into the program. Laser and Electro-Optics courses 
were taught, beginning in September, 1970. The LEOT Project 
encouraged and partially supported this initial effort by 
purchasing some equipment and supplies, pd^ying the TSTI 
faculty for proje.ct work in curriculupi development, and pro- 
viding classroom and lab instruction "by members ^f the TERC 
project staff. The first LEOT graduates were all employed ^ 
in April, 1^72. TQ;-date, forty-four students have be^n em- 
ployed by instituffions and industry, and sixty nine students 
are currently enrolled. 

The following activities are representative of the role 
which the Pilot Instructional Program has contributed to 
the LEOT Project: > .^^^ 

o Faculty and staff, have contributed to the development / 
and evaluation of the curriculum and course descrip- 
tions. 

o The faculty has contributed to the writing an-d editing 
of the instructional modules. Students in the pro- 
gram have also critiqued the materials from a "learners 
Viewpoint" • . ' / 

o All the modules* experimental procedures and equip- 

inent have been verified in the school's laboratories, 
largely by the faculty and students. 

o The modules were "service tested" in the co^urises offered 
at TSTI. Service tes^ting involved pretesting, post 
testing and retention testing (when practical) of 
st/udents whose profiles were known. Service testing 
w4s also aocomplished to a limited ei^tent at the 
other schools who la ter ;Lmp 1 emen t ed LEOT programs. 
However, the teat ddta w^re more complete and more 
meaningful at the 'Pilot Institution where the training 
environment was known anci controlled. 

o The • experience which the faculty gained in using these 



ERIC 



. \i 

t-i 

4-7 • 



materials has s ign if icantly influenced modifications 
in tji_e_iuu^«irulum structure and suggested iji^-truc t ion- 
^-a-Jrlne^hodology , For instance, it' was lea-T-ned that a . 

high student drp^p^ut rate vas experienced in the first 
quarter because a student did not have any exposure 
to laser-'-trourses . ^^^b cur r iculum was changed to 
.include. ,Cour se JUb^^^nt^r oduc t ion to Lasers, in the 
f jj>4c^q-TiaFter' . 'ifowever., it was also learned that ' 
^this course was too long and complex to be taught 
in the first quarter. This resulted in\ severe 
modules* beiftg moved into Course //3 and ^ano^ifer module 
(on OpticgJ. Power Meters) being changedx€o individual- 
ized, self paced^' ins true t ion with an accompanying tape 
cassette . ^ 

The Industrial Advisory Committee members were able 
to relate to the type^ of ins true tion ~£o Which tlie 
project was dedicated because they cpuld visit with 
students in the pilot program a,nd could observe the 
labs. An irtterview by the Indus trial , Advisory Commit- 
tee with a student v/ho had graduated and been working 
six months also proved invaluable to the project. 
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XI. DISSEMINATION ACTIVITIES AND 
ACCOMPLISHMENTS 



Technical education curriculum research and deveHopment 
can only achieve the na t iona 1 , s igni f ica nc e for which it was 
intended if the ideas and materials can be transported to 
other educational, environments besides the pilot program* 
From the beginning of this project, an emphasis has been , 
placed on eventual national dissemination* However, the 
project management felt that attempts at d iss emina t ioti on 
other programs were far too limited in .terms of the program 
flexibilities and the places where the ' edu ca t ion would take 
place. 

Very early in the project, attempts were made to alert 
those in the t*echnology and in schools that programs would 
sopn be available. Table XI-1 lists articles^ in Newspapers, 
Magazines, journals and books describing the'LEOT project ^* 
and/or the pilot program. 

.As schools and industry learned about the activities, 
TERC began working with them, supplying them with d^iraft copies 
of curriculum and instructional modules. When it/seemed 



appr'opriate, the r^roject Manager woul^ visit insri i t u t ion-u to 
assist them in planning. As early as 1973, TEHC taught a' 
short course for an organization where a large number of 
LEO technicians worked. 



The curric4ila an:d;pt1re^TLns tr'uc t i ona 1 materials ^or the 
LEOT project werp designed for maximum f lexibitirty^ so that 
local, educational institutions could implement programs that 
would more nearly meet local nee^ds. This also g'tives the 
school administrators a-nd faculty the opportun|.ty to "invent 
.it here." 

Examples of schools who have adapted the LEOT project 
materials to their local nee^s^nd capabilities are: 

A. San Jose City CoilTege ~ Implemented ^ LEOT 'option to 
their existing/program in Vacuum and Glassworking 
Technology, ^-^raduates are particularly useful to 
' gas laser manufacturers who are centralized in the 



SanFranciscoar^. 

' ' ' 'A . ' 

Idaho State University - Implemented a L^OT option 
to an existing Electronics Technolpgy. ^ 
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Table XI-1 



Articles in Newspapers, Magazines, Journals and Books . 
I>e-s<! gibing the Las e r / Elec t r o -Op 1 1 cs Project or the Pi3,ot Program t 



1. Albertson, h . "School of Skills". The Texas Star' > 
April 2, 1972- pp. 8-13. 

2. Doss, and J* D» Pierson* "The Laser/Electro-Optics 
Program at Texas State Technical Institute". Technician 
Education Yearbook . pp. 51-54. 

3. Editor: "J^'irst Student Chapter Formed at T-exas State 
Technical Institute". Laser sphere . ' 

/ ' s 

4. News Articles "Laser Evaluation Team Studying 'fSTI Program". 
Valley Morning Star . Harling^en, Texas. Dec. 10, 1974. 

5. Goldman, L. Applications of the Laser . CRC Press, 1974. 

6. Gould, G. "Help Wanted: 100,000 Laser Technicians". 
Lasersphere . July 15, 1972. pp. 100-11 . 

' * \ 

7. . Guenther, A." "Answering the Call for Trained Laser 

\ Elec tro-Opt ics Technicians". Laser Focus. June, 1973. 

\ . : 

8. * \iull, D*^., and-others. "Adaptability Through Modular 

Instructional Materials"* Technical Education Reporter . 
Sept. - Oct., 1974. pp. '37-45. 

9. Jones, J. "What Do You Do After You Purchase Your Laser". 
Optical Spectra . Nov*, 1974* p. 6. . 

10. Pierson, J.D., and D.M. Hull. "Laser /Elettro-Optics and 
the Technicians Who Handle It". Industrial Education . 
Dec, 1974. pp. 42-44. 

11. . Rockwell, R.J., "Growth in Technical Training"^ Laser- 

sphere . p . 1 5 . 

12. Rockwell, R. J., "The Laser/Electro-Optics Tecbni^Jr^^' 
; Lasersphere . March 15, 1972. p. 9. 
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C. Texas S;tate Technical -Institute, Jlarlingen, Texas - 
' Tmplemehted the Model Cury-Iculum 'Including all ^ 
LEOT modules ^translated .ifito* Spanish/Bilingual 
vers^ons^ Ninety-five percent of the stw3ents 
attending this eampus (located 25 m*iles from th*e 
Texas-Mexico border) are Mex ican-Ame r icaijs . 

_ to 

Ttie Univers*it;y o'f Illinois 7 Incorporated more than ^ 
30 modules in a graduate le'^/el, laboratory course 
for engineers, physicists and chemists. 

In September, 1973, a 'mail announcement consisting of ♦ 
a cover memo; a list of instructional modules and a reply 
fo'rm was made* to approximately 2200 technical schools in tfie 
United States.. The reply form had a requested return date of 
.October 26, 19 73 . A second mailing was made^ in Novam^ber to » 
the institutions .which ha'd. not replied to the first mailing'. 
, ' ' *» . . . > 

By December, 717, replies had' been receive^ representing 
33% of the total mailed, -some 600 more th'an the gxyected 
return. The following is a breakdown as tO'the replies and 
typea.of data requested: 

o 494 institutions requested additional information; 

223did'not ^> x , ' 

V • o 55 institutions provide technical instruction' a^ • • 
preparation for job *r,equirements in Lasers 



.7 

o 



54 institutions provide technical Instruction as 
preparation for job requiremen^ts' in Electro-Optic^ 

80 institutions provide technical"'^ ins truct ion a-s 
preparation for job requir emeats / Iti Optics 

1,90 requests for a sample from (^otirse 1 ^ ^ * . 

• 53 request. «? for a sample from^ourse 2 

29 requests for a sample from Cour^ 3 . ^ ^ 

9 requests "for a sample from Coursfe 4 

49 ;requests for a sample f irom 'Cburse^^5 ^ 

« « 

4 requests .for a , sample from Course^ 6 " * 

6 requests for a sample from Cpurse 7 r1 

45 requ'ests for a sample' froiq* Course 



o" '4 requests for. a S^ample^from Course 9 

XD^^ 7 r^qiiests *f6r a -sampile from Course^lO ^ 

a 279 requests_£;pr the'LEOT Curriculum" and Equipm-en.f . 
mat er ial * . , ^ * . ^ ' ' 



•o 272 r<dq^uests f or ' Po tent iai Employer Information ' 

o 48% of requests for a module c^n be fu4fill^d with a 
module from Co.urse. 1 * * 

' ' ' ' • • «, * 

o ^85% of requests for a' m#<>ule can be fulfilled with a* 

Uiodul^e from Course 1, ^,^5 and 6 ^ * . * 

* It * ' 

o 94% of- requests for a moduTe can be fulfilled' with a 

module from 1, 2, 3,' 5 and 8 . • 



the 



Mailouts have been made to all thase who reVponcfed\ and 
materials th^t 'w^re reques ted* have be^en sent. Followup'an 
•thejse Schools is continuing. , * * . ■ 



.a nd 



« In August 1974 , .a, Vorfeshop was held *'f OT ^'dmijiirs tra tors* 
faculty x^ho- were 'interes.t.ed in using the LfeOT cutriculjum , 
and7o?r instructional^ mater ials . the workshop was attended* 
fey twen'ty^wo participants.. \ ' ^ * - ^ \ • V. 

\^ , ^ • , o ^ ' ' 

It was suggested by the Industrial Advisory Committee ' 
that less than half of ^the requiretnents 'fonrc/LEO 1*q,chtiic ians 
was for ne^ hires*.^ A large percenjt^age qf the' edtl^at^on^l.^ 
requirements^ involves' the *re training and updating :o f ' exis t ing ' 
employees Tp mpet thes e^ neecis , TERC made sj.gn*if icant . efl&orts 
to have, these materials useifi in in ' hous e" industrial tr^jLnigg' 
programs and in short courses. 

In. »July , 1973 , TERC cQnduct^d'a one, week';shorJ: course' in 
La^sers for engineers and technicians i't'the ^.awr ence,, Liveriffore 
Labs. Th^ instructional ma t eMa Ts' f the course consisted, 
off selected LEOT i^odules from Course Is 3* and 7. The 
t^tions and Itb demonstrat ion^ were ^vide*otaped . 



pr e^en- 



f For the »pastk three years the «Un ive r s ij:y ^* o f ^ Cine inn^i t 
been»^using LEOT mod^ules in their Laser" Safety ^Short Course* 
1*974 ; TERC, the University pi Cincinnati, aad the 



has 

In August, 1«974 ,* TERC, the 

hor t 
fentiVe 

Cdursfe 1 of the •LEOT *mo dul es . Morning sessions consisted 
at l^ecturesva^ af^te'tnoons were devoted to the' lab exercises 
i^O the Hi'oduleiS. This* cour^se will be offered twice 



Laser .Institute of America jointl^^ sponsored a 'one week sY 
course on "Introd^uc tioh "to *Las<ers". The content is th'e- fe'r 



jout 1 tned 
''in 1975;* 



* In November, 1975, four LEOT mbdule^ * wer e comp'iled for- 
•a on*e' day^ Prof essiona-r Advan^cemenf Course (nP'A'C) pr4s.ent.ed 
by TERC^and TS'TI personnel. > This' PAC-'was^^hdld at tfho. Loser * 
Institute of America and the . Socaety f olSs,^Pj>6 1 o Instrunientatrion 
linglneojrs ' s National Meetin^'g^^n San * Francisco , California. 

* * * ' ' ■* * * ^ * 

Table XI-2 lists the»*organiza1:'ions "who are cur rent lyusiijg' 
or a*re. planning to ^Os^ LEOI Project Materials. A m6re detailed 
(Explanation; of lEOT ' dis'semlnation activities in six organiz^^--, 
tions Is pr^ovided in" an article by ^Hqll *in the S ept ember /Oc t- 
obor^ isstie of the-Technical Edjucation Rep^rt;j?r. This article 
is incliide4* in tl\e. Appendix' to ' th j.9 ' r;ep6rt . ? ' * » 




An attemp't; wa'§* made to obtain a pub^-ish^er for t^he* LEO.T 
Project Ma teriils • and, the Career Cd'uVseling Guide^. In, 
.accor.dahce with the terms of the' Gpant, notice waa' s'^ent.via 
Publisliers Alert Service on. .a Re^Juest^for Proposals.- Separate, 
requests 'wpr^e^ sent fpr the^ J-EOT materials and* the Cdu.nseling'V 
€ui^es*. Four companies e'xpressed an iater^st in only Jthe 
Coifnseiing Guides and three companies were,* Lntere? ted in" 
bot«h* . RFP's were sent ♦to all par ties, who 'rWquesteS them. • 

' ^ . . \ ^ - ' *^ . , . • 

k bidd^er-s meeting was held at the Marina Hotel of- the * 
Dai'las/Fort wVrth Airport on November 25, 1974. One bidder* * 
attended. On-D.ecember 21, 1974,** when all bids, were due nqne 
were receivjed.^ Subs.equent followup,.a w.eek late-r^ revealed 
titpt , in ^^aerai^ all, Che or;.ganiza»tions who had indicated an 

terest wer e .cur r en t ly 'f in^nc ia lly - 1 imi t e<f a nd could not 
invest, in new p ub'lic a t i on ventures th^at appeared to them to 
be lrmi\ed'*ip br^ad ^eppeal . ^ * ' ' , >■ ^ - ^ 

TERC plans'^6 cont inue. to supoly ma ter ials^.t^b inter4sted 
individuals a'pd iO^rganiza t*ionSi 6n a r eimhiirsibire basi*^ 
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Table XU2 



Organizations ^\o\ate Using or Planning to Usd LEOT 
'■ ' • . , ' 

Project Materials • ' ' 



A:. . PROGRAMS ESTABISHED 



ay 

(2) 
■<3) 

(6) 

(1) 
(■2) 

(3) 
(1) 



Institution 

TSTi'; ^aco ' 
i * « 

* « 

TSTI, Harlingen - 
San Jb^e City Collegis 

IdaljQ^Cate Univ. 

Univ. oV Illinois 
♦ * 

Univ. of Cincinnati ^ 



^ Industry 

* 

Lawrence Livefmore Labs 

Los, Alamos Scientific 
Labs 



■ Type of Program 

Modified M6d6l Curriculum 

' Aodel Curriculum 

. LEOT Option to Vacuum & 
Gla'ssblq'wing 
• ♦ / 

LEOT Optipn to Elep- 
tronihs ' 

Graduate Course^ for Engrs. 
Physicists, Chemists 

•Short C9urses-Intro. to 
Lasers & Laser Safety; 
* 

Retrairfing 
ReEjaining . ^ 



Honeywell Researcli Labs Retraining 
Professional Societies 



Laser Institute of 
America 



Professional Development 
Course 



B. PROGRAMS ,BEING PLANNED TY>E PROGRAM 



(1) 
<2) 

(3) 
(4) 

(6) 
(7) 



University of Albuquerque 
University of New Mexico " 

(Northern) 
San Francisco City Coll. 
Springfieia Technical ' 

Community College 
Raymond Walters General * 
^.and Technical College 
Univ. of Houston,' k 

Clpar Lake Campus 
Wentworth :institute 



Night Courses 
Retraining 

EMT Option' 
Model Curriculum 

' Electronics -Option 

Masters of Laser .Tech;' 

Three, year curriculum 



Total 
Students 

- lis 

20 
33 

48 



300 



Total 
Grads' 

44 



4' 



300 



Starting 
Salary Range 

$6144-15,999 



$9,000-11,000 



44 Students 

START DATE 

Fall '75 
Fall '75 

Has not been determined 
Fall '75 

Fall '75 

Fall '75 

Has not been determined 



LKOT MODULES 



Adaptability Through Modular ^ 

Instructional Materials 





Daniel M llttll. Technical Education 
Research Ccn fers /South west 



Danai M. Hull received his US from the 
UniversTTy f>f ]c\js jnd his MS in Tle-trr 
ca! rnpincering from the Univcr^iiy o( Pilt^ 
burph llc1ia< ilitnecn ytar^ of experience 
^5 an engineer jivU aunager of laser devctop- 
n)cnl and applujri.'n m Lockheed. Sandia 
Corporation and WCstinghouse Mr. Ilult is 
nou manap.cr ol the Laser/I lectro-Optic^ ^ 
Techniilt»):> Program at Technical I ducation 
Research ( cnitrvS\*uihwcst m WaLO,TcK4< 



r 



/ 



Laser/Elec(ro*Op(ics Technology requires flexible teaching 
materials for diverse educational options. The author intro- 
duces lasers, LEOT modules, and six differing educational 
programs. 



The use of lasers spread rapidly 
after the first one was made opera- 
tional in I960. As a result, a demand 
emerged for a n?w kind of specialist- 
the lafer/eleetro-optics technician. Re- 
sponding to this need, the U.S. Office 
of Education gave Technical Educapt^rT 
Research Centers (TERC) a grant fo"r a 
project to analy^ze the new occupation 
and to develop a curriculum and m- 
structional materials for it. 

By nic;!ns of an occypational analy- 
sis, the project confirmed that a variety 
of technicians were working with lasers. 
The5.c fechtiittans frequently ^were m- 
volved .with other kinds of electro- 
optrcal systems as well. Moreover, the 
project found that not only techm- 
ciags, but also engineers and other pro- 
I fcssionals were seeking a better under* 
standing of the hardware and labora- 
tory practices associated with lasers«> 
Althoilgh there were certain taslcspe^ 
formed by almost all of these personnel 
concerned with lasers, many other ac- 
tivities were common to only a few 



places of employment 

To take account of the diversity of 
personnel and tasks, educational pro- 
grams in this new field had to^ vary 
significantly M-^character and coaterH. 
Two-year programs in laser/clcctro- 
optics technology (LEOT) were an evi* 
dent need, for example, and so were 
laser options within existing programs 
in Vacuum and Glassblowjng Technol* 
ogy and in Electronics. Furthermore, 
laboratory laser courses we.rc attractive 
potential additions to baccalaureate 
and graduate level studies in physics 
and engineering. Also needed were 
short courses and industrial in-house 
training programs' with laser informa- 
tion for empioyed technicians and pro- 
fessionals. 

Tlie cb^illenge, faced by the LEOT 
curriculum developers was to devise 
instructional materials for-^use in all 
\these settings. To be adaptable to such 
Vdiversity of learning environments, 
the. materials had to be both flexible 
and valid 



ERJ C INfCAL noOCATiPN REPORTER 
manpimber -October f974. 



37 



WHAT ARE LASERS 

The laser is a device which converts elecifical power into a special beam 
of light power This beam results from "Light Amplification by Stimulated 
Emission of Radiation," or LASER. A laser beam differs from ordinary 
light m several ways: 

It IS directional and collimated so that it spreads very little as it 
projoagaftes thrdugh space. For example, a laser beam transmitted 
from the earth iliummaies ^n area on the moon les$ than two miles 
in diameter Since the beam diffuses so little, the intensity within the 
beam remains high, , 
^ Its hght waves do not vary significantly in length. Therefore, laser 

light has the purest color of any light source known to man. 
• Its light waves are "in phase," so laser communications systems can 

transmit many wide-band signals v/ith minimal interference problems. 
O Its energy can be concer.trated into an extremely short duration 
pulse to produce tremendously high bursts of light power. This 
power can cause explosive effects by rapidly heating materials to 
several million degrees. 
Various types of lasers are in use, differing in their construction and 
methods of operation. They have output wavelengths ranging, from the 
ultraviolet to the vis Die region and extending to the far infrared. Some 
lasers ars small enougo to be held in the hand and have an output power 
less thon a flashlight Other lasers occupy 10,000 square foot buildings and 
are power fultcnoygh to melt holes througl) thick metal plates. 

As heat sources, iasef s are employed *n welding or drilling materials and 
|f in repairing eye retinas. In surgery or clothing mariufacturing, they can 
serve as precise cutting tools, while they are mforrhatioirt transmitters in 
radar and communication syste?ns Lasers are also used for aligning objects 
and nreasuEing distances m such fields as highway construction. Grocery 
stores and other merchandizing establishments are beginning to experiment 
With computer linked lasers which scan the prices of items on automatic 
check out counters. Among »ts many uses, the laser even has a photographic 
application m non-destructive testing of- objects and in art, it can produce 
a "hologram''-a negative from which a three dimenrfibnal object can be 
reconstructpd. \. * 

■\ * • 

A-^IODULAR APPROACH 

,To assure nc\ibilit>. TiiRC chose a 
modular jpprojch to dirruuluiu Jevcl 
opment NK^dulcs arc short ini>lrut 
tional units with dear and measurable 
learning objedivei*, Mtluuigh sliurl 
films arc suinclhiics used tii convc> the 
unit of mriirmatkin. nk)Julcs arc usu- 
ally based on booklets ,Thc> ^an in 
elude laboratory exercises to provide 
"handsH)n'" experience, in fad. labora- 
tory learning cui be the key eiemenl 
of each moduicf as in the UHOT mod 
ulcs developed by the project. 
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Typically, modules begin with a 
slatemeni of the topic to be covered, 
then present the information, and con- 
clude with questions to test the stu- 
dents ^understanding of the material. 
No previous kni)w!cdgc is assumed in 
most modules. Tlicy are independent 
umtb which mighl be arranged and re- 
arranged lo produce a great variety of 
courses. 

If the modules are valid, they effec- , 
lively and efficieiUly leach the student' 
what he or she needs to know to be 
able to work competently in a remune* 

— 5^ T" 



rativeandsatisfyingjob. Not only must 
the materials foster learning, but they 
must also have relevant content. They 
must present information which re- 
flects what employers want their tech- 
nicians to know and be able to* dp. 

In the case of TERC's LEOT Proj- 
ect, a national Industrial Advisory 
Committee consisting of sixteen mem- 
bers identified the duties normally ex- 
pected of technicians working with 
lasers. An occupational survey con- 
firmed these duties and coi^linued 
guidance from th6 Advisory Committee 
ensures current v^idity. 

The duties of the Laser/Electro- 
Optics technician are many. They con- 
struct systems in which the laser is an 
important component and keep lasers 
clean, aligned and calibrated. They also 
select and purchase LEOT hardware, 
including such specialized instruments 
as interferometers and spectropho- 
tometers. In addition, the LEO tech- 
nician must hav« considerable expertise 
in opcra'tfng laser systems and perform- 
ing exacting tests and measurements. 
Monitoring, troubleshooting and repair- 
ing laser systems are among the tech- 
■ nician*s other rcsponsibihtics. c^r 
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LEQT MQDULlV\yAYS and MEANS 



These diilies were subsequently 
brok'en down mio 155 specific lasks 
for wlucii learning objectives were es- 
Ijbiished. The ohjeciive^ formed jhe 
basis for iheMibjeci niatier of (he mod- 
ules. A total ot 101 modules were care- 
fully developed and grouped mto the 
following ten courses 



Course ~l 
Course ^2 
Course ^} 
Course ^ 

Course ^ 
Course 

Course ^ 

Course ^ 
Cotirse.^) - 
Course =^10 

Plus 



Jntroduction to Lj^rs 

( 1 I modules) 

(ieon)etriral Optics 

( J 1 modules) 

L aser Teclinology 

( 1 I niodules) 

lAperimental Optical 

Methods 

modules) 
Wave .Optics 
(1 J modules) 
Laser and Electro- 
Optics Compoocnts 
( 1 1 modules) 
Laser/EIectro-Optics 
Devises 
(10 modules) 
Laser Applications 
( 10 modules) 
Laser Projects 
(7 modules) 
Laser/Electro-Optics 
Measurements 
(8 modules) 
2 modules on lab note- 
books and nfeasure- 
nieiH accuracy 



The technical accuracy of these 
modules w;isihen cJ^^cked by members 

, of the Indus^ial Advisory Committee, 
and b> two e^^penenced technical 
editors. Vjlidit>'wj.^ ob(;iined bv^n- 
corj)*u,mug ;iijnds.oiV^ learning ex- 
{VfkMKes which used lal^oralory equip. 
ment**^\p,^al o( [hat found in the 
organi/jiitMW whkh employ LtO tech- 
nici.ms 'Ihe^ effectiveness of thc^e 
modules 'was subsequently verified 
nhrough pre^anlj post-tcsis conducted 

' wuh students m the pilot l,liOT pro- 
gr;inrat the Texas Slate Technical In-' 
siitute m Wacol Texa!L 
4:1 f 



A twcvyear Model LEOT Curricu- 
lum IS being tested at TST! (^However, 
-schools which implement LLOT in- 
structional materials are cautioned that 
both the Model Curriculum aivd the 
LKOT course content are based on- 
broad, national needs, and nn'ght not 
adequately represent local demands. 
They are accordingly urged to form 
their own Industrial Advisory Commit- 
tees for setting educational objevlives 
and choosing the LLOT Modules rele- 
vant to thcu local needs. 

OPTIONS 

For mstance, the LEOT program at 
^ San Jose City College is skill-onenicd 
in response to the characler of its stu- 
dent body and the needs of local em- 
ployers. B> introducing several groups* 
of LEOT modules into the college's 
existing program in Vacuum and Glass- 
blowing Technolog) . It became possible 
to offer a laser-'electro-optics option. 
The San Jose students can now obtain 
the skills necessary for various entry- 
level jobs depending on how much of 
the two-year program they complete. 
(This program and the others^ketched 
here are elaborated in the descriptions ' 
which folfow.) . 

In contrail, the Technical S.chool of 
Idaho State Uni^jersity has elected to 
initiate a Laser/Electro-Optics option 
in its Electronics Technology Program/ 
It should be emphasued that a corn- 
- picte two-year laser program is not 
necessary to provide students with 
LEOT skiMs useful m the world of 
work Employers or research institu- 
iinns which , inqorpijrale' a iaser or 
electro-optical device as a component 
of a larger instrumcnfor sysfem (e.g. ' 
Iransmitter for 'a radar system) find ' 
the laser/electro.optics option in an - 
electronics program to be especially 
attra(4jve. 

- Selected LEOT/noduJes can also be 
included as texts ^n physics and engi- 
neering laboratories. The University of 
lllinois'at Urbaria has successfully ex- 
perimented with this use of the LEOT 



modules since last fall. In addition the 
modules have been used effectively in 
short courses which* attempt to fainil- 
i3iuc a. wide variety of students with 
the laser and its many applications. 
The one-week courses in Introduction' 
to Lisers and in Laser Safety* given at 
the University of Cincmnati are im- 
portant examples of how the modules 
can be used to advantage for intensive 
training. 

Eniplo>crs engaged in training or 
retraining personnel can also benefit 
trom the modular approach. Cuirent 
examples of this are the AEC Con- 
tractof Laboratories -Sandia. Los Ala- 
mos, and Lawrence Livermore Labs- 
where major workforce shifts into the 
development of high, power lasers and 
the use of lasers for generating electric 
power have made substantial retraining 
necessary. The LEOT modules have 
-facilitatl^d this retraining, 

LEOT MODULES POINT THE WAY 

For over ten years, the laser ^nd 
electro-optics field has had a shortage 
of trained techmcmns. With advent of 
the LEOT modules, both educational 
institutions and industry have been 
provided with teaching options that - 
didiaot exist before. The success of ihe 
modules has been due to their validity 
and flexibility, characteristics that have 
jnad^ them adaptable to a number of 
learning environments. Indeed, the 
modular approach may be the most 
effective for' all technologies that have 
a diversity of applications. The use of 
modules in curriculum development 
will hopefully extend far beyond tlie 
Laser! Electro-Optics field. 



I 
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Motivated Students Innovate 



Johnny Jones. T exas State Technical 
Institute 

Johnn> Jonc^ hoiJ^ BS and MS degrees in 
Ph>Mfs trom Stephen I .Austin State Uni- 
^ v-cfMtv in Ic\jn \ttof consUutting a llcCd 
laser NyNtcni rof hK tlrosiN project, he joined 
ibc Uvcr i'loCifo-OptttN fjculiy at Texas 
State (ethnical Insiitute m WacoT^ 

The La^er/Flcctro-Optics Depart- 
ment of the Waco Campus of Texas 
Slate Technical Institute (TST!) first 
opened its dot)rs to students in 1970. ' 
Since that nine, the Department has 
grown lo three technical faculty mem- 
bers and over one hundred students. 
The Dcpjrtnjeni offers a two-year cur- 
riculum and an" option of two addi- 
iionjj years. Fift> graduates are cur- 
renil> employed m the laser and optics 
industries of ten slates Each two-year 
graduate ius liad several job offers with, 
an average starting salar/ of $9300 
annually. 

One of the reasons for the success 
of the TSTl Waco program has been 
the constant scrutiny of its LEOT car-' 
•riculuin A gTtnvmg'understanding of 
indtistrial needs an mcreasmg ijvaila 
bility of lexi materials, and a willing- 
ness lo hsien lo the needs of its stu 
dents have all contributed lo^ (he 
development of the program. 

A chief disadvantage of the original 
curriculum was lhat students did not 
take ihcir first laser course until the 
third quarter Jkcause ^first-year stn- 
dents had little contact y^th theit 
tnajor department, many becattie dis- 
. enchanted with their major and a high 






Johnny Jones (left) and student 

attrition of first-year students resulted. 
A revised cttrrictdum overcame this 
difficulty by giving students two laser 
courses in the first quarter and at least 
one in each succeeding quarter. 

In response to student needs, a 
survey-ohentation course was also ini- 
tiated. The course presents students 
with job descriptions and occupational 
opportunities in bser/electro-oplics, ^ 
jind facilitates student adjustment to' 
the TSTl campus. 

Another course,* *'Laser Projects," 
is a favorite of many students. The 
course comes at the end of the two- 
year program and allows students to 
apply the knowledge and skills they . 
have acquired to individual projects. 
Most projects involve design, construc- 
tion, and evaluation of equfpment. 
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The students have constructed a vac- 
uum system for filling gas tubes, a 
HeCd laser, a ruby laser, a six mill!-' 
watt HeNe laser, special filters, special 
optical mounjts and, ixiosi notably, a 
4x8 foot vibration isolation tablfr. - 

The student-built table sSved the 
LEOT program a considerable expen- 
diture of funds. The table top consists 
of 2,200 pounds of concrete reinforced 
with steel, and rests on five legs made 
of conciete pier blocks. Damping is 
provided by layers of carpet betweea 
the blocks and by sn inner* tube on- the 
top of each leg. An au- compressor and 
manifold provide pressure control for 
the tubes. The entire table was con- 
structed for less than SI 50, equivalent 
commercial tables cost pver two thou- 
sand dollars. 
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Moking HoicKjf oms on o v»bfOtpon free labte 
built by studerus 



One of iho most iinporum jsseib of 
ihc I.I or DopjriincfU has always been 
liivih siuJcfU nu>rjle In addilion {o the 
biiildHvg ind ' niai!ilainmg of eqinp- 
meni. student pariicipaiion in class, 
room presefitatjon clearly contribaies 
to inoraK? and the quality of instruc- 
tion }<'/ prrlipps the most important 
motivautmal factor is a clearly dffined 



employment goal. Graduates fre- 
quenlly visit the Department, .speaking 
about their jobs, and nieinbcrs.of the 
Indusinal Advisory Committee and 
other representatives of employers 
often address the students on trends 
and opportunities in the field of lasers 
and electro-optics. Such exposure helps 
the student develop^a realistic view of 
^e career.for which he or she is pre^ 
paring, 

/iv maintaining good relations wu/i 
uiduhtry, the Department has been able 
to respond rapidly to changing man- 
power needs, as well as keep abreast of " 
employment opportunities as they be- 
come available. An additional dividend 
has been the donation of equipment 
from organizations interested in the 
training of technicians. 



The Lascr/Ulectro-Optics Depart- 
ment at TSTI emphasizes job skills. A 
great deal of practical, hands-on labora- 
tory experience ti^^proj^i^^^d with ex- 
posure to as much bf-'thl industry as 
possible. While Ll^OT niddu>es make 
up the maior portion of most\ourse 
materials, tney cannot tram technicians 
by themselves They are an.i/iipoLnt 
and versatile tool when used in coVi- 
junciion with other source materials, \ 
additional laboratory exercises, special 
•.projects, and contacts with industry. 
'^nT-fee key to a successful program is the 
^niaximum utiltzatioa^f all resources 
available. 



by Johnny Jones 



An LEOT Option in Electronics 





Richard R Davis (right) and students 



Richard R. Ihi is^ Idaho State 
University 

Richaid R l).iviN holds j HS jnd an HdM 
front Idaho Stale linivcrMiy He ha* per- 
formed research in the fidd i>f laser com- 
munications and IS (he auihor o| AFand 
Rh'Ort mi Apprnxtmaiitms Mr. Davis is 
presently ji the School ol Vocational- 
Technical I ducalion of Idaho State 
UnivcKity. 
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Idaho State University offers » pro-" 
gram m Laser/Electr^piics technpl. 
ogy whicli draws upon the already 
existing three year electronic technol- 
ogy curriculum. As an option within 
the electronics department, the LEOT 
program attempts to prepare a tech- 
niciaa who is proficient m both elec- 
trotifcs and laser/electro-optics. 

All courses in the LEOT prDgram 
are taught by faculty members of the 
Electro-Technologies programs. If a 
student needs a course m English, 
math or physics, the coijrsc is closely 
related to his or her total program. This 
can best be accomplished by faculty 
members who can approach related 
subject matter from an electronics, 
laser and ofitics standpoint. 

Student projects are an infportant 
feature ofevery semester after the first 
three. Ranging from tb«-oc to twelve 



weeks in length, tt^sc projects eficour- 
age the development *of self-reliant 
technicians who. can also work in 
1 te^ms. Students gain pTSicfice in work- 
ing from engineering notes, in manual 
skills needed to implcmeht ideas, and 
in writing final reports. TUiesc experi- 
ences reinforce theoretical concepts 
and introduce students to the kind of 
work they will be doing on fhc job. 

The demand for technjicians who 
combine a knowledge of LEOT with a 
sound eleclrooips base far ekcceds the 
supply. THis type of graduate is pre- 
ferred b/ companies whiofc develop or 
utilize systems with laser cbjtfpgnents. 
Already over 75 companies have indi- 
cated an interest in employing the first 
ISU clas^f LEOTs. ' 



by Richard R. Davis 
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Adapting Facilities for Local Needs 



■'il 




John J, DcLvotie, San^J'»sc City College 



John J Del cono h.iv been invv)|\cd in rc- 
NCJuh .md dv.-%.'lopjncni in elecirDnics. 
vjotJtint. pl.ivin:i. nnd wcldinji tcchnoU^gies. 
Boloro iiMniMi: the S.in Jdso City College he 
worked tor M.'\ersjl enf:ineorini: tirins 

Sail Josc Ch\ College is a two-year 
insiiiiiiion witii lilt tuition Lharges Jiid 
ntinintjl oiurjnco require men is The 
school offers IocjI resid^^nts a chance 
10 aequire skills ilut will qualify then) 
for better jobs. r ^ 

One San Jose program with this ob- 
jective h> Vji^uuin Technologv and 
Technical (il.iss rabriLation. The pro- 
gram: winch has been nper.itnig since 
I %5. evolved in response to local wofrk 
force needs It boasts a well equipped 
vacutun !jboraior>. and a complete 
facility for glass fabrication. 

As, the inamifaLlurqfrs of g;is lasers 
beVianie concentrated in the San Fran- 
cisco Kiy area. San Jose Cii) College 
began investigating the feasibility of a 
laser lechniLian trainihg program. The 
school*s existing Vjcnuin and Class- 
blowing Technology pr<)grani scenied 
to offer an excellent base for the en- 
visioned training effort. Vacuuni sys- 





tenis and glassworking facilities are 
necessary for making, evacuating, fill- 
ing and sealing gas laser lubes, as well 
us for growing crystals, coating- mirrors, 
and developing semiconductor inte- 
grated circuits. 

With the assistance of an Industrial 
Advisory Connnittee. an mlroJuctory 
course in laser leLhiiology was planned 
during 1073. In the spring pf 1974. 
ihirly-six siuOenis registered for the 
course. The LOmposilion of the first 
class IS fairly representative xif the stu- 
dent body at San Jose Many of the 
course* pkirticipanl5 were veterans, five 
were full-tiine employees of local elec- 
tronics firms, seven were women und 
six were physically handicapped. 

Although some of the Li:OT mod- 
ules were appropriate for the introduc- 
tory course, they had to be carefully 
selected and modified to meet the 
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couise objectives using existing labora- 
tory facilities. Moreover, the majority 
of students, who entered the cburse 
unprepared for much of the theory, 
had to spend the fi;?t semester devel- 
oping basic matheniatic skills. TJie 
resulting course utih/ed some of the 
modules in LEOT course #1, but sub- 
stituted glassblowing^acttvitrcs for tlje 
more difficult modules. ^ 

//; general, the sk/lls developed' in 
the introductory cour&e provided tlie 
studentjvith the option to continue in " 
the program, to seels another vocafion, 
or to enter the mdustry as an assem- 
hlen SiimriHly , the expanded laser tech* 
nology program, scheduled to begin in 
the spring of 1975. will encourage stU' 
dents to **spin off* and enter industry 
whenever they feel they are ready. 

by John J. DeLeone 
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I.KOT MODULIuS/WAVS mid MKANS 



Module Use in Continuing Education 



R. James Rockwell , Jr,, Vniyersify of 
Cincinnati 

K J i'f\N Ko^kwdl. Jr rcccucJ Ins BS .ind- 
MS tfiY-a in PhxNKs if^nn (he I nivorsuy 
( nu»nni'i Ik is l)irt\' hni; IMuMnst ot 
ihcl\is,?| ,K..Tt{..r\ ii ihc MoJk.il (Vntor 
<>i fhc ( iM-trsHv ,ru! ilso js iJu- ajrront 
prosuUni ih, | ^ liKtiftito t>} Anicrka. 
M' R<»auUI ins piihhslu-cl nnnicrous 
pjivrs nulls... ul;l^^r with l)r Kcon ' 
(.**iUni.in ilu r.*.ont UnA. I asvrs in 
MciIh lUf 

Two onc-wook courses Ml Jjser tech- 
nology arc offered coin inning edu- 
cjlion progrjnis ji the I'njversity of 
Cnicinqjn ^fhcse courses provide on- 
goiMC lr,!ih^n<j lor people who jre work- 
ing m tohs u'iuch require some knowl- 
edge ol LiVrs jiid iheir apphcalions. 
One ol Ihoso iwo courses. '*Laser 
Sjlei\," \us hceirgiven thirteen times 
during the lost four years, and has been 
atlendod h\ over live hinidrcd students. 
Th(r wvorjce level of Gducational aiiain- 
ment ot these Jitendees has been ap- 
pro\imaiel\ four years of college. 
These students [uve represented nidus- 
Irinl laser revMrch, laboratories, gov- 
ernment jgencics. corporate or milh 
(ary safety units, and legal and in- 
sur.ii)ce firms, to name only a few. 

At Its inception, the Laser Safety 
course W.IS stiicily lecture \n format. 
Like most lot lure courses, participants 
wore mund.itcd with facts and theories 
by Ihe stvoml d.iy of the weeklong 
iicssion. Ihe use of a wide range of 
visual aids suJi as slides, films and 
closed circuit television have enhanced 
the conlnUMH>-npd.ited lectures." "As 
the course evolved, however, stiideiit 
desire to have hands-on experience leci 
to the present lortnal, which includes 
some Iabor.nory "workshop" ^ssipns 
designed to reinforce the lecture ma- 
terial, y 

^le workshop sessions conceniratc ' 
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on optical principles, laser measure, 
ment. ha/.ard calculation, and control 
measures. They introduce students to 
the J)asic physical concepts of electro- 
optics and lase^rs, and then allow them 
to verify thkse principles in tlibir labo- 
ratory work. In two of these sessions, 
Lf-OT modules arc now used exten- 
sively to provide hands-on experiences 
with lasers and measurement 'equip- 
inent. 

Due to the successful use of these 
modules in the safety short -course, a 
second short course was planned rely- 
ing primarily on the LI-OT modules. 
The auirse, called' ^introduction to 
Uisers." was given for the first lime in 



J.uly of 1 974. Participants in this course 
included engineers and technicians 
from^mdustrial and government labo- 
ratories using laser-related equipment, 
and teachers from two-year colleges 
considering the implementation of 
LEOT options in their programs. 

The success oj the modular concept 
in the continuing education program 
on laser technology suggests tha^t the 
approach may he of value in similar 
programs at omr instituttons. It may, 
m fact, he the^iost appropriate way 
for onentittg professionals ^rotn many 
fields to a specialized technical topic. 

l)y R. James Rockwell, Jr. 



LASER SAFETY -' 

This symbol has become the universal signature for a Iqser bearh The 
.United StatQs requires that alf lasers be labeled with this symbol and a 
safety classlficaiior^, nufnbered one through four from least to most dan- 
geroUs. Lasers range in power from those that can be safdiy viewed head-on 
to those which can melt steel. 
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Laser Orientation for Graduate: Students 



llionids A. DcTcniple, University of 
Illinois at Vrhana 

'HumuN A l)c Icmpic received In^ BS^jnd 
MS iK'urccs lri>in S.»n \hc^o SlJlc College 
ami hiN PhD in I Iciiruji ! ngineeriiig from 
ihe I'niverMiy o\ ( .littiimu .ii Berkeley. He 
tjiijiht jt llie University ol Ari/oiij belorc 
joinmj: ihe enjiineefinji t.Kitl(y jl I he 
UnivcrsUy i>! Illinois. 

In i973 A new l^ibor;iU)ry course in 
Quanluni I locUDnjcs wjs inilKitcd in 
ihc Dc|xirtniciu ofLlcchical Hnginccr- 
ing al (Lie Univcrsii) of Illinois at 
Urban-cK the course was developed 
partly in response to student interest 
in lasers and partly because the Urbana 
faculty perceived the need to train 
students experimentally for research 
at the graduate level'. Twenty students 
participated in the course during its 
first year aiul the nunibei of partici- 
pants IS expected tu double llus year. 

Although ahe Department liad pre- 
vuuisK ollerOd ihroe textbook courses 
III lasers butji M llic baccaLiur<;ate and 
the graduate level, the Quantum LIcc- 
tronics Louise u.i> Ihe ilrsl labortilor) 
course lit this suh|Ocl area The Uni- 
versity of llliiK)is couise also represents 
the first attempt in ihe United Slates 
to iiitorporale ILOI^ modules as a 
means ol providing haiids-oii C/Npcri- 
.eitte wuh lasers to advanced engineer- 
ing students Tlie goals of the course 
are to illustrate tliC Umdainental char- 
acteristics ot lascis. to develop labora- 
, jpry tethinques. and lo impart infor- 
y malion regaidnig the iise and misuse ot 
lasers. • 

^^^^J^ attain these goals, the faculty 
had \<\ attend tv) a wide variance in 
. student' backgrounds, in addition' to 
an expected enroIlnieiH of studciits 
from tlie elettro-mechanical disciplines, 
a significant number of chemistry, 
minhig. and metallurgy Jludcnts at- 
tended tlic course. There were some 




Thomas A DeTemple (right) vvith student 
^ • ; 

individuals \^ho had no, background in 
Quantum blectroniLS and others who 
were starting dissertation research in 
the field, all in the same course! 

A parti;jl solution to teachiiig this 
range of students was found in the 
LLOT modules. Since these were 
geared primarily for use in associale 
degree programs, they had to/be con- 
siderably modified for use with ad- 
»vanced engineering sludents./Much of 
the material in tlte modules was in- 
corporated into the laboratory notes as 
orientatii)!! infiirnialion vox experi- 
ments. Iiilerestuigl> enough/even those 
students with a graduate level knawl- 
edge of Quantum Llectyonics founl^" 
ihe inclusion of the mpdiiles \6 be 
helpful. 

/// order to quickly fantiharize stu- 
dents with lasers, laboratory \svrk be- 
gins by requiring sttukjnts to asseinhle 
the equipment they will be using during 
(he course. Courscwork then proceeds 



to an integrated series of lectures and. 
planned experiments. During the last 
third of the semester, students initiate 
nidividual projects, some of which 
consist of building important pieces of 
equipment. This segment of the course 
IS expected lo expand donsiderably as 
course enrollment grows and a greater 
amount of materials and equipment 
becomes available. 

The expansion of the course in 
Quantum Electronics ' confirms the 
commitment of the University of Illi- 
nois lo providing hands-on experience 
with lasers at the graduate ijtnd under- 
graduate levels. Other engineering ' 
Schools 4iiight consider initiating devel- 
opment* of similar programs. If the 
University of Illinois experience is 
generally valid, the LLOT modules can 
be most useful in developing these 
programs. 

by nomas A, DeTemple 
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' IMOr MODULMS/WAYS and MEANS 



Training LfeOTs in Industry 



\ 



. Raymond M. Doiik, l^awrence 
Urvrnwre Laboratories 

^jyiiioml M. HoMk is I icctronic Tcrhmcian 
SuporMM>r in the ( DMirollcd 'I hermonuclcar 
KooUj >t) prorr,in^ of Ljwrcnce Livcrniorc 
Ljbiu.iiortoN where he lias ^en employed 
tor 20 ye.,rs lie w.is ,,n electronics tcchni- 
cun m tl»e 1= S N.iv> jnd holds .in AS in 
I Icttronies tmnt Dublo V,ilJcv Collecc in 
Ciliiornu. . . 



A/l.:i\vfci}cc l^vcnnorc Laboraio- 
ncs in Livornior/, Califorinn, the de- 
velopincni of l^cf-fu.si()ii fordcckical 
power phint/ has beeif pr()gr(^ssing 
steadily Tj(b. ipp^^l^iy^ of the laser- 
fusion program is fo develop a new, 
safer* method oj gcneraiin^i electrical 
energy from atomic power A problem 
for tfie program is the scarcity of well- 
trained laser technicians. ^ 
None of the tewhnicar^chools m the 
nearby coinnninity gra(|uale<J highly, 
trained laser technicians, and very few 
even offered courses in optics. LLLi 
initially solved, this problem by hiring 
seven LHOTs/graduating from' Texas 
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Raymond M. Oovik (right), technician on left. 



State Technical Institute. However, the 
fast^gr(^wing demand for this type of 
specialist at LLL and the availability 
of fechniciqns without laser training 
Suggested tlie need for an in-housc 
training program as well. 

A one-jveek exploratory training 
session held during- the summer of 
1973 re.sulted in the partial retraming 
of fourteen Livermore st.if; persons. 
LliOT instructional ntodule . ,cre used 
11/ this ^ssion. The flexihiluy of the' 
modules enabled the training staff to 
choose onfy the materiarrelevani to 
the .specific objei:tives of the training 
scs,sion.'^M)ue to the .success of tliis* 
*»iitial effort, tire trajning^program Was 
cxpantled duritfg the summer of 1974 
to includV27 sUident.s. Among these 
were two electronic engineers engaged 
in laser research for*controlled ihtermo- 



nuclear rciictions, while the.others were 
elect roniconrtiechanical technicians, 

Mucn of the success of the training 
program is due to the cooperation be-, 
tween tfie Livermore staff and the ' 
^Ll-OT staff at T1:RC and the Texas 
Statp.Technical Institute in Waco. LLL 
has received 'invaluable a.ssistance in, 
ini]pienienting the LEpT inodules, ^nd' 
TSti has gained insight into the needs ' ' 
of one potenthtl employer of its grad- 
uates. Such employer-educator coop- 
era (ion is badly needed in technical 
education, and the ^Livernwre'TSTI ex* 
perinient ^deserves the attention of all 
'those concerned about* laser technol- 
og}\ as well as manyiother technical 
fields. 
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